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FOREWORD 


The work described in this report was carried out over a period of 
approximately three years at Hughes Research Laboratories (HRL) under the 
responsibility of several Department and Program Managers. Initially, the 
program was managed by Dr. R. L. Poeschel within the Ion Physics Department, 
managed by Mr. J. H. Molitor. In 1979 responsibility was transferred to 
Mr. D. E. Schnelker within the High Voltage Technology Department, managed by 
Dr. H. J. King. Mr. Schnelker left HRL during 1979, and Dr. R. L. Poeschel 
resumed the responsibilty of program manager. Key contributions were made to 
the program by several members of the Ion Physics and High Voltage Technology 
Departments as indicated below: 

Thruster Design - D. E. Schnelker, S. Kami, and R.E. Jones 

Documentation Upgrade - R. E. Jones 

Acceptance Testing - C. R. Collett, C. R. Dulgeroff 

Hughes also acknowledges the valuable comments and recommendations of 
Messrs. J. Maloy and R. Zavesky of NASA’s Lewis Research Center in formulating 
iterations on improvements to the thruster design. 


% 


AJ? 1 ' /2-/S.L^ 


3 




TABLE OF CONTENTS 


SECTION PAGE 

LIST OF ILLUSTRATIONS 6 

w 

SUMMARY 9 

1 ' INTRODUCTION 11 

2 RETROFIT MODIFICATION OF THE GOVERNMENT 

FURNISHED 900-SERIES, 30-CM THRUSTERS 13 

A. Development of the Ion Optics Assembly 

Design and Fabrication Procedures 14 

B. Development of the J-Series Vaporizer 

Designs and Fabrication Procedures .... 25 

C. Cathode Heaters 45 

D. Other Modifications Incorporated into 

» the Thrusters Retrofit Under This 

Program 48 

3 ACCEPTANCE TESTING 53 

* 

A. Acceptance Test Procedures 53 

B. Propellant Measurement 60 

C. Acceptance Test Results 63 

4 DOCUMENTATION 71 

A. Initial Review 71 

5 CONCLUSIONS 73 

REFERENCES 75 

APPENDICES 77 

DISTRIBUTION LIST 325 


5 



LIST OF ILLUSTRATIONS 


FIGURE 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


PAGE 


Definition of design parameters for 

ion-optics apertures ... 15 

Electrode support ring design for 800-900 

series thruster 16 

Cross-section of ion-optics-electrode mount 
used in NASA/Hughes 700-900-series 30 cm 

thruster 17 

30-cm J-series ion optics assembly (side 

view) 20 

30-cm J-series ion optical assembly (top 

view) 21 

Detal of 30-cm, J-series grid mounting to 

support ring 22 

30-cm electrode mounting detail-rivet 

locations 23 

Vaporizer flow (in equivalent amperes) versus 

inverse vaporizer temperature 28 


Vaporizer flow (in equivalent amperes) versus 
inverse vaporizer temperature for neutralizer 
vaporizers made from porous tungsten fabricated 


using the specifications shown in Table 4 33 

Cathode vaporizer assembly (800-900 series 

thrusters) 35 


Vaporizer housing to propellant line transition ..... 36 


Cathode vaporizer assembly — J-series thruster 

design 37 

Penetration of porous tungsten plug (percent 

by volume) versus mercury pressure (absolute) 39 

Vaporizer flow (in equivalent amperes) versus 

inverse vaproizer temperature 42 

Typical configuration of swaged coaxial heater 

(dimensions shown are for cathode heaters) 46 


m 








6 


m 


FIGURE 


PAGE 


16 Characteristic of cathode keeper voltage 

versus magnetic baffle current 56 

17 Thruster start-up algorithm 59 

18 Comparison of the propellant efficiencies 
measured at each of the acceptance test 

points for thrusters SNJ4, J5, and J6 ........ 62 

19 Comparison of the propellant efficiencies 
measured at each of the acceptance test 


points for thrusters SN J2, J3, J7, J8, J9, 


and J10 64 

20 Variation of propellant efficiency and manifold 
temperature as a function of time after thruster 

turn on 65 

21 Selected magnetic baffle currents 67 

22 Neutralizer keeper voltage as a function of 

beam current 68 


7 




SUMMARY 


The Retrofit and Acceptance Test program was conducted primarily to 

modify six government furnished 900-series 30-cm thrusters to the J-series 

1 2 

design as it had been defined under NASA contract NAS 3-21052. * Each of the 
modified thrusters was then evaluated by a standardized acceptance test. 
Additional work was performed for evaluating the performance and improving the 
techniques for fabrication of porous tungsten vaporizors. As a consequence 
of preliminary test results obtained during this program, and in testing 
under other programs, iteration was necessary on several of the design modi- 
fications to satisfy the objectives of the retrofit activity. The thruster 
components that required resolution of critical problems were the ion optics 
assembly, the vaporizer assemblies, and the swaged, coaxial heaters. Other 
relatively minor adjustments of the design were also made to correct observed 
or potential failures (wire routing or clamping, etc.). 

The standardized procedures'^ for acceptance testing of thrusters were 
also refined to improve the accuracy and reproducibility of test data. Pro- 
pellant flow is the most difficult performance parameter to measure accurately, 
so testing procedures were modified during the program to incorporate the 
improvements recommended by the NASA Lewis Research Center. Dispersion in the 
propellant flow data obtained was reduced appreciably (from ±3% to ±1%) . 

The documentation for the J-series thruster design (drawings, etc.) was 
upgraded under this program to include all of the modifications incorporated 
as a consequence of the work under this program, and to approach the standards 
set by the DOD-D-IOOO, level-2 specifications. The design can now be con- 
sidered finalized until new system requirements or test results dictate new 
thruster design requirements (the J-series thruster design objectives are for 
production of 130-mN of thrust at 2.68-kW input power, with a specific impulse 
of 3000 sec and an overall efficiency of 71% over a 15,000-hour useful 
lifetime) . 



SECTION 1 


INTRODUCTION 

The program described in this report was conducted with the objective 
of performing retrofit modifications on six government-furnished 30-cm ion 
thrusters, and then acceptance testing these thrusters , using standardized pro- 
cedures , before delivery to NASA's Lewis Research Center (LeRC) . At the outset, 
it was planned that the six thrusters would be modified in the same way as the 
"prototype" J-series thruster (SN Jl) had been modified under NASA contract 
NAS 3-21052. Testing of thruster SN Jl under contract NAS 3-21052, and testing 
of isolator vaporizer components under this program revealed unanticipated defi- 
ciencies in some aspects of the J-series thruster design that was the "baseline" 
at the beginning of this program. Consequently, it was recognized early-on 
that iterations would have to be made on the design modifications, as deter- 
mined under contract NAS 3-21052, and this program was subsequently expanded 
and extended to complete the development of the J-series, 30-cm mercury ion 
thruster design. The major design deficiency noted was in the ion optics 
assembly; however, fabrication procedures and material specifications also 
had to be revised for vaporizer subassemblies and all swaged heaters to achieve 
acceptably reproducible hardware. The hardware failures (heaters and vapor- 
izers) that led to tightening of tolerances on parts and specifications for 
heaters and vaporizers also caused a closer scrutiny of all of the drawings 
and assembly procedures that document the thruster design. An iteration on the 
upgrading of drawings and inpsection and process documents (IPDs) resulted. 

A standardized acceptance test had been formulated under NASA contract 
NAS 3-21052 and applied to thruster SN Jl. Under this program, the test pro- 
cedures were revised and refined to provide for the measurement of the same 
basic data, but under a streamlined procedural approach. Procedures were 
formulated on the basis of using a thruster power processor and control system 
that is automated like that of the NASA LeRC two-inverter power processor 
developed for endurance testing of a 30-cm thruster under NASA contract 
NAS 3-18914. This power processor was used to perform all acceptance tests 
under this program in order to eliminate any possibility for introduction of 
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power-processor-related anomalies in thruster operation. Nevertheless, 
inconsistencies in measurement of thruster performance were observed. Thus, 
it became necessary to vary test procedures in an attempt to minimize the dis- 
persion in test results that would be attributed to test procedures (primarily 
propellant flow measurement) . 

The work performed under this program, therefore, constituted consider- 
ably more than a straightforward retrofit and acceptance test of six 30-cm 
ion thrusters. The retrofit modification was, in fact, a final development 
of the design modifications required to achieve the desired performance capa- 
bilities for the 30-cm J-series thruster. Acceptance testing comprised a 
refinement of test procedures and techniques to provide an accurate, repro- 
ducible record of a thruster's performance capabilities. The details of this 
work are described in the following sections. 
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SECTION 2 


RETROFIT MODIFICATION OF THE GOVERNMENT FURNISHED 
900-SERIES, 30- CM THRUSTERS 

Six thrusters were furnished for this contract for retrofit to the 
J-series design by implementing the modifications defined under NASA contract 
NAS 3-21052, and described in Appendix A. Testing of the first retrofit 
thruster (SN Jl) revealed a thermo-mechanical instability in the ion optics 
assembly. As a result, investigation and elimination of that instability 
became the foremost activity under this program. 

New criteria for determining the acceptability of vaporizers (porous 
tungsten vaporizer material) were defined under NASA contract NAS 3-21052, and 
one task under this program was to remove all the isolator-vaporizer assemblies 
and perform evaluation tests. These tests revealed that most of the existing 
components could not meet the new criteria in all regards, nor could the new 
components from a small sampling that were fabricated and tested under this 
program using the revised procedures. This led to a redesign of the vaporizers 
and fabrication of another set of components. 

Cathode heaters failed in the initial cathode conditioning on several of 
the retrofit thrusters, and this led to an investigation of swaged-heater 
fabrication. Specifications on insulator compaction, welding of the inner to 
outer conductor, and quality control inspection were revised to ensure that 
swaged-heater fabrication would produce the heater reliability that had been 
established previously. This resulted in a very long delay in obtaining 
heaters. The resolution of the heater problem is still somewhat uncertain. 

This section discusses the work performed to enable completion of the 
retrofit modification with regard to the components described above. Several 
other minor modifications were incorporated in the later retrofit thrusters 
to correct deficiencies noted in the endurance testing of the earlier retrofit 
thrusters. A brief description of these thruster modifications is included. 
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A. DEVELOPMENT OF THE ION OPTICS ASSEMBLY DESIGN AND FABRICATION PROCEDURES 

The performance of the ion optics assembly is governed by the values 
specified for the aperture parameters as defined and listed in Figure 1. For 
the J-series, 30-cm thruster, the design values for these aperture specifica- 
tions are as follows: 

d = 0.114 cm (0.045 in.) 
a 

d = 0.191 cm (0.075 in.) 
s 

t = t = 0.038 cm (0.015 in.) 
s a 

£ = 0.063 cm (0.025 in.) 

8 

c(> = 0.243 

a 

<J) = 0.674 

s 

S = 0.22 cm (0.087 in.). 

The grids have approximately 15,000 such aperture pairs, and maintaining 

these aperture pairs in proper alignment and spacing (£ ) has been a major 

8 

focus of attention in advancing the thruster design from the 600 to 900 series 
The only modifications to the ion-optics-assembly parameters that were deter- 
mined under contract NAS 3-21052 were a change in d & from 0.152 cm (0.060 in.) 

to 0.114 cm (0.045 in.), and a change in t from 0.05 cm (0.020 in.) to 

a 

0.038 cm (0.015 in.). The ion optics grids for the retrofit J-series thruster 
were initially formed and mounted using the same procedures and support ring 
as specified for the 800-900-series design. Figure 2 shows the electrode 
support ring for an ion optics assembly of the 800-900-series design. The 
details of the attachment of the grids to the mounting ring for this design 
are shown in Figure 3. In this assembly, the screen grid (molybdenum) was 
fastened directly to the rigid mounting ring (titanium) using countersunk 
machine screws. The accel electrode was similarly mounted to a molybdenum 
"stiffening" ring. While this design had proven successful for all of the 
tests performed on 700-800-series thrusters, the initial testing of the retro- 
fit thrusters using the smaller accel aperture were accompanied by erratic 

3 4 

performance that was not noted previously. ’ 
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d a - ACCEL HOLE DIAMETER 
d $ -SCREEN HOLE DIAMETER 
t a - ACCEL GRID THICKNESS 
t s -SCREEN GRID THICKNESS 

- SCREEN-TO-ACCEL INTERELECTRODE SPACING 


0 a - ACCEL GRID OPEN AREA FRACTION 



0 s - SCREEN GRID OPEN AREA FRACTION 



S - APERTURE SPACING 


Figure 1. 


Definition of design parameters for ion- 
optics apertures. 


CM c*ICM 









In testing thruster SN Jl, it was noted that the extraction voltages 
could not be applied at the time called for in the start-up procedure without 
severe overload of the screen power supply (arcing) . It was later determined 
that the electrodes did, in fact, come into contact for a period of time during 
heating of the discharge chamber in the start-up sequence. As the discharge 
chamber and ion-optics-assembly temperature approached the steady-state oper- 
ating temperature, the contact between electrodes disappeared. Since all of 
the ion optics assemblies had been retrofitted with the small hole accelerator 
grids, it was decided to proceed with the testing of these assemblies. Table 1 
shows the results of these tests. Perveance was measured at beam currents of 
0.75 A and 2.0 A using the procedures prescribed by the acceptance test docu- 
ment (IPD-PR-138) . The entry shown as "minimum total voltage" is the value of 
the total voltage (V, + V ,) for which a further decrease in voltage causes 
a rapid rise in accelerator current. All of these measurements were made 
using thruster SN J4, and therefore, the dispersion in the perveance charac- 
teristics can be attributed solely to the ion optics assemblies. The perfor- 
mance variations shown in Table 1 were considered unacceptable and the task of 
identifying and correcting the cause of the difficulty was divided between 
NASA LeRC, an ongoing NASA technology program (contract NAS 3-21040), and this 
program. Finite element analyses of the grids and support structure were per- 
formed both at NASA LeRC and under NASA contract NAS 3-21040. Temperature 
distributions were measured on operating thrusters at both HRL and LeRC to 

support these calculations. The details of the HRL analysis are described in 
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the final report for contract NAS 3-21040. ’ Without going into detail, these 
analyses show that the titanium support ring increases in diameter by a greater 
amount than the edge of the molybdenum grids. In the 700-900-series assembly 
shown in Figures 2 and 3, this produces stresses that form moments about the 
attachment points between the grids and the mount. This moment deforms the flat 
portions of both of the grids. Because the grids were fastened with counter- 
sunk screws, the deformation probably varied from grid to grid and from point 
to point around the periphery of each grid. Consequently, the deflection of 
the screen grid and accel grid and the spacing between them was not uniform. 

A design modification was proposed and modeled analytically to predict 
performance. Instead of attaching the grids directly to the rigid titanium 
structure, the grids were mounted on heavier molybdenum rings by riveting. 


Table 1. Perveance Measurement Summary 


Electrode 

Set 

S/N 

Minimum \4j> 
at J, = 0.75 
b V 

Minimum 
at J, = 2/0 
b V 

828 

1150 

1450 

831* 

900 

1240 

832 

1140 

1450 

834* 

980 

1240 

835 

not measured 

1500 

836 

1300 

1500 

837 

1180 

1320 

841* 

1200 

1620 

Design value 

650 

1240 

*Electrodes measure 

short circuit during warm 

-up period 


These heavier rings were then attached to the titanium mount through 
"softened" supports, as shown in Figures 4 through 7. In this mounting con- 
figuration, the titanium support ring provides rigidity in the axial and 
azimuthal directions, but is weak in the radial direction. This type of sup- 
port was accomplished by cutting slots in the titanium mounting ring at the 
points where the molybdenum grid support ring is attached to the mounting. 

In addition to the changes made in the mounting ring and grid support 
rings, the procedures for forming and stress relieving were modified. Pre- 
viously, the grids were hydroformed and stress was relieved with a spacer at 
the flat, supporting edge of the grid. It was originally thought that this 
technique would ensure that the minimum interelectrode spacing would occur in 
the curved, active region of the grids. Analysis under this program indicated 
that use of the spacer distorted the spherical surface of the grids and may 
have contributed to the non-uniform thermal expansion of the grids that resulted 
in the unstable, unpredictable performance observed. Consequently, the grids 
with 900 series serial numbers were hydroformed without spacers, and all grids 
were stress-relieved in a newly machined fixture without spacers. The stress 
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Figure 5. 30-cm J-series ion optical assembly (top view). 
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Figure 6. Detail of 30-cm, J-series grid mounting to support ring. 
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relief heat treatment is performed in a vacuum furnace, and the time and 
temperature are specified at 2 hours and 927°C. 

The combination of the changes in configuration and fabrication procedures 
produced the J-series ion optics assemblies that were used to retrofit the six 
thrusters provided. All of the 900 series ion optics assembly components were 
fabricated on another NASA contract (NAS 3-21759) and provided as GFE to this 
program. The perveance measurements performed during the acceptance tests of 
thrusters SN J2 through SN J7 produced the minimum total voltage values shown 
in Table 2. It is apparent that there is far less dispersion in the perfor- 
mance of these assemblies than was seen in the performance of the 800-series 
mounting as shown previously in Table 1. Consequently, it can be concluded 
that the ion optics assembly, as modified under this program, can provide the 
required performance under the normal operating conditions of the J-series 
thruster . 


Table 2. Perveance Measurement Summary 


THR 

S/N 

Grid Set 
S/N* 

Minimum Vp 
at = 0.75 

V 

Minimum Vp 
at J]-, = 2.0 
V 

J2 

902 

830 

1220 

J3 

901 

834 

1179 

J4 

837 

899 

1220 

J5 

834 

790 

1090 

J6 

903 

792 

1220 

J7 

904 

850 

1232 ' 


It should be noted, however, that the accel grid mounting is still quite 
rigid, and differential thermal expansion of the grid support and the mounting 
ring causes relative motion between the screen and accel grids. This behavior 
was predicted by the computations in Reference 5 and has been supported by the 


& 

Note that two grid sets have 800-series serial numbers. These grids were 
reprocessed by the revised procedures (stress-relieved). 


24 













results obtained in measuring the perveance limit as a function of ion beam 
current during the thruster acceptance tests under this program. It should 
be noted, however, that the validity of the design has been analyzed and veri- 
fied only for thruster operation under nominal conditions existing in ground 
test facilities, and not for all possible thermal conditions that could exist 
in space environments. 

B. DEVELOPMENT OF THE J-SERIES VAPORIZER DESIGNS AND FABRICATION PROCEDURES 

In a mercury ion thruster, the vaporizer acts as the propellant control 
valve that meters the flow of propellant gas to the hollow cathode discharges 
(discharge cathode and neutralizer) and to the discharge chamber. Phase sepa- 
ration and flow control has been successfully demonstrated (SERT II) using 
porous tungsten as vaporizer material. Mercury does not readily "wet" tungsten 
and therefore the capillary forces of the minute pores in the porous tungsten 
prevent penetration of liquid mercury, while the vapor can flow through the 
porous material. The vapor flow depends on the temperature of the mercury 
(vapor pressure) that is in contact with the porous material and the trans- 
mission coefficient of the porous material. At the outset of this program, 
it was recognized that the vaporizer designs and fabrication procedures that 
had been used in fabricating the 700 and 800-series vaporizers had resulted in 
assemblies that displayed a relatively wide dispersion of performance charac- 
teristics (mercury intrusion pressure and mercury flow versus temperature 
characteristic). Variations occurred not only between vapor assemblies, but 
also between purchase lots of vaporizer material. Consequently, a standardized 
screening test was formulated to evaluate vaporizer performance during the 
fabrication and assembly of vaporizers (IPD-PR-133) . This screening test pro- 
vides for the following measurements: 

• Measurement of the pressure of mercury at ambient temperature that 
the porous tungsten vaporizer can withstand before mercury begins 
to intrude the pores (intrusion pressure) . 

• Measurement of the mercury vapor flow through the porous tungsten 
vaporizer at four standard temperatures (260°, 280°, 300°, and 320°C) 

• Measurement of the vaporizer intrusion pressure at 400°C vaporizer 
temperature . 
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• Operation of the assembled vaporizer for 50 hours at elevated temper- 
ature and pressure (350°C and 60 psia) with measurement of flow at 
three points during the test. 

Absolute standards for these screening tests were not established during the 
program; however, selection of components for use on the retrofit thrusters 
was based primarily on the results of these tests. At the outset, the only 
isolator-vaporizer components available were those removed from the GFE 
thrusters. These components were subjected to the above tests, with the results 
shown in Table 3. It was planned that three new sets of isolator-vaporizer 
components would be fabricated, and the best six of the nine would be used in 
the retrofit. The selection criteria was as follows: 

• High mercury intrusion pressure. 

• Small variation in flow during the 50-hour test. 

• Vapor-flow/ temperature characteristic in the "typical" operating 
range. 

The values of the vaporizer properties listed in Table 3 that were considered 
somewhat arbitrarily to be the objectives for satisfying these criteria were: 

• Intrusion pressure greater than 120 psi. 

• Less than 10% increase in flow during the 50-hour test. 

• Vapor-f low/temperature values in the shaded region of Figure 8. 

It is apparent that none of the main vaporizers met the intrusion pressure 
screening objective. However, all except one of the cathode vaporizers (SN 817) 
and one of the neutralizer vaporizers (SN 911) passed the intrusion pressure 
screening. Six of the 17 vaporizers tested were unable to operate for 50 hours 
without an increase in flow exceeding the 10% objective. The temperature-flow 
characteristics are compared graphically against the "desired" behavior in 
Figure 8. 

If the vapor flow through the porous tungsten is a diffusion process, the 
variation of flow with temperature should be proportional to a exp (-b T ^) 
where T is the vaporizer temperature in degrees Kelvin, and a and b are 
arbitrary constants dependent on the porous matrix. From the flow character- 
istics shown in Figure 8, it can be concluded that some consistency has been 



Table 3. Initial Vaporizer Screening Test Summary 



Vaporizers 




IV 

-N 




IV-C 





1V-M 



Component Serial Number 

910 

911 

815 

909 

907 

906 

821 

819 

823 

817 

811 

807 

805A 

815 

815 

817 

814 

Test Performed 


















1. Measured Intrusion Pressure, PS I A 


















at room temperature 

>125 

117 

>125 

>125 

>125 

>125 

121 

>125 

>125 

112 

120 

94 

90 

110 

104 

97 

89 

at 400°C after 50 hour test 

>125 

>125 

>125 

>125 

>125 

>125 

120 

>125 

>125 

107 

112 

93 

94 

78 

95 

80 

77 

2. Pressured Flow Rates (Equiv. 
mA, A) 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

A 

A 

A 

A 

A 

A 


















at 260° C 

9 

14 

13 

10 

11 

6 

15 

ii 

14 

16 

21 

0.63 

0.62 

0.75 

0.62 

1.14 

0.61 

at 280°C 

17 

20 

14 

15 

25 

12 

25 

17 

22 

30 

46 

1.1 

1.06 

1.25 

1.18 

1.84 

1.11 

at 300°C 

27 

36 

31 

27 

31 

20 

45 

30 

32 

45 

79 

1.89 

1.73 

2.12 

1.94 

2.98 

1.72 

at 320°C 

46 

61 

52 

46 

48 

32 

66 

51 

48 

80 

122 

2.93 

2.88 

3.39 

3.11 

4.54 

2.6 

at beginning of 50 hr. test 

93 

155 

126 

108 

138 

76 

159 

123 

119 

258 

289 

1.31 

1.38 

1.64 

1.43 

2.6 

1.35 

during 50 hour test 

104 

192 

137 

107 

143 

75 

155 

119 

123 

261 

233 

1.32 

1.36 

1.51 

1.39 

2.5 

1.35 

at end of 50 hour test 


216 

148 

152 

135 

74 

155 

121 

117 

339 

283 

1.31 

1.24 

1.55 

1.33 

2.1 

1.33 

3. Change in Flow Rate, % 

B 

39.4 

17.5 

40.7 

2.2 

m 

2.5 

m 

B 

31.4 

HI 

0 

10.1 

5.5 

6.9 

19.2 

B 

4. Manufacturer of Porous Tungsten 

a 

a 

n 

a 

a 


a 

a ■ 

a 

b 

b 

b 

b 

B 

B 

B 
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a. Spectra-tlat , Inc. 


















b. Hughes Research Labs 
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(a) NEUTRALIZER VAPORIZER 

Figure 8. Vaporizer flow (in equivalent amperes) versus inverse vapor- 
izer temperature. 
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b) CATHODE VAPORIZERS 

Figure 8. Vaporizer flow (in equivalent amperes) versus inverse vapor- 
izer temperature. 
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Figure 8. , Vaporizer flow (in equivalent amperes) versus inverse vapor- 
izer temperature. 
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obtained in the transmission of vapor through the porous material. However, 
the effective transmission area of the porous material was not reproduced 
very consistently. Consequently, the porous tungsten material specifications 
were revised for fabrication of vaporizers under this program. Table 4 lists 
the essential parameters of the revised specifications for procurement of 
porous tungsten. The flow and intrusion characteristics of three of the first 
neutralizer vaporizers fabricated are shown in Table 5 and Figure 9. These 
characteristics show less variation, but still fall outside the desirable 
region. For neutralizers, this vaporizer material would produce normal 
thruster operation with a neutralizer vaporizer temperature in the 280-300°C 
range, and would be quite acceptable. The remainder of the initial lot of 
porous tungsten vaporizer material procured to the specifications in Table 4 
was rejected during the fabrication process (for one reason or another). 

Because of this, and propellant line failures that are described in the fol- 
lowing paragraph, the vaporizer design and fabrication procedures were reviewed 
and revised. 


Table 4. Specification for Porous Tungsten Vaporizer Material 


1. Tungsten Powder: 

a. Nominal particle size to be 4.5 microns. 

b. Powder to be classified to eliminate particles and 
agglomerates above 10 microns. 

2. Powder Shape: 

Angular or spherical 

3. Size of Porous Plug: 

a. Thickness - 0.152 ± 0.005 cm (0.060 ± 0.002 in.) for main 

vaporizers 

- 0.117 ± 0.005 cm (0.046 ± 0.002 in.) for cathode 
and neutralizer vaporizers. 

b. Area - cylindrical discs capable of being machined to a 

diameter of 1.55 cm (0.61 in.) for main vaporizers 
and 0.479 cm (0.188 in.) for cathode and neutralizer 
vaporizers . 
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Component Serial Number 


Test Performed 

1. Measured Intrusion Pressure, PSIA 
at room temperature 

at 400°C after 50 hour test 

2. Measured Flow Rates, mA equivalent 
at 260°C 

at 280°C 
at 300°C 
at 320°C 

A 

at beginning of 50 hr. test 
during 50 hour test 
at end of 50 hour test 


3. Change in Flow Rate, % 


IV-N Vaporizers 


Spectramat Material Semicon Material 

910 911 909 907 4 7 19 


>125 

117 

>125 

>125 

=1 

119 

>125 

122 

>125 

>125 

>125 j 

>125 

>125 

110 

112 

9 

14 

10 

11 

12 

10 

13 

17 

20 

15 

25 

25 

22 

23 

27 

36 

27 

31 

36 

31 

41 

46 

61 

46 

48 

61 

58 

63 

93 

155 

108 

138 

166 

164 

153 

104 

192 

107 

143 

182 

168 

153 

101 

216 

152 

135 

183 

180 

159 

3.1 

39.4 

40.7 

1 

2.2 

10.2 

9.7 

3.9 
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Figure 9. Vaporizer flow (in equivalent amperes) versus inverse vapor- 
izer temperature for neutralizer vaporizers made from porous 
tungsten fabricated using" the specifications shown in 
Table 4. 
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The vaporizer configuration that was in use on the 900-series thrusters 
is shown in Figure 10. As a consequence of manipulating the propellant line 
for screening tests and then for reinstallation on thrusters, many of the 
assemblies began to leak at the transition from the tantalum vaporizer housing 
and the stainless steel propellant line. This was thought to be caused by the 
difficulty in establishing the correct tolerance between the stainless steel 
tubing and the hole drilled in the tantalum housing. If the parts fit too 
tightly, the expansion of the tubing during brazing forces the braze material 
out of the hole. If the parts fit too loosely, the braze material will not 
fill the void. Thus, the configuration shown in Figure 11 was adopted. In 
this case, the transition was both welded and brazed to the propellant line so 
that the spacing between the tantalum vaporizer housing and the propellant 
line transition could be readily controlled. All of the vaporizers were retro- 
fitted to this configuration to prevent development of propellant leaks. 

Although the vaporizer configuration shown in Figure 11 was satisfactory 
for eliminating propellant line failures, the seal (by electron beam welding) 
between the porous tungsten vaporizer plug and its housing evolved as the next 
problem area. Review of the vaporizer configuration and fabrication procedures 
used by NASA LeRC in building the vaporizers for the SERT II thrusters resulted 
in a further design refinement and a newly defined vaporizer task. The con- 
figuration for the cathode vaporizer is shown as Figure 12. The essential 
features of this design are as follows: 

• The edges of the porous tungsten plug are sealed by melting (washing) 
with the electron beam in the electron beam welder. 

• The weld between the porous plug and its housing is made from the 
side (tantalum to beam washed tungsten) . 

• The wall of the tantalum plug housing has a very thin wall to pre- 
vent stresses in the weld upon differential thermal expansion. 

• The vaporizer assembly housing has a "built in" temperature sensor 
receptacle to improve the reproducibility of attaching the platinum 
resistance-temperatur e-sensing element. 

To obtain the performance goals for the vaporizer assembly, the following 
process steps were considered necessary, and were used in fabricating five 
sets of components under this program. 
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10943-12 


Figure 11. Vaporizer housing to propellant line transition. 
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The porous tungsten vaporizer plug was checked for porosity and pore 
size using a porosimeter; to be acceptable, results must fall within, 
or to the right of the shaded area in Figure 13. 


• The porous plug was inspected at lOx magnification and rejected if 
chips or cracks were visible (or pores smeared over) . 

• All tantalum parts were vacuum fired at 1000°C for 15 minutes. 

• The edge of the porous tungsten plug was electron beam washed to 
seal 99% of the surface (determined by visual inspection at lOx 
magnification) . 

• The "edge washed" vaporizer plugs were vacuum fired at 1650°C for 
one hour (at vacuum pressure less than 10“^ Torr) . 

• The fired vaporizer plugs were inspected at 30x magnification and 
rejected if cracks were visible. 

• The vaporizer plug was electron beam welded into its housing and 
inspected again for cracks in the plug or the weld at 30x magnifi- 
cation (or greater) . 

• The plug and housing assembly was put through thermal cycle and then 
flow- tested by observing the bubble pattern obtained when flowing 

gaseous nitrogen through the porous plug while it was immersed in r- 

methanol . 

• The transmission coefficient for the flow of gaseous nitrogen was 

measured. 

After assembly of the vaporizers, the screening tests (intrusion pressure and 
flow calibration) were performed as described earlier in this section. The 
part (drawing) numbers for the J-series thruster vaporizer designs are 1095763 
(IV-C) , 1095755 (IV-M) , and 1095761 (IV-N) . The details of the fabrication 
and assembly procedures can be found in the IPDs numbered: 

• IPD-P R-010 

• IPD-PR-035 

• IPD-PR-047 

• IPD-PR-049 1 

• IPD-PR-057 

• IPD-P R-074 
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Figure 13. Penetration of porous tungsten plug (percent by volume) 
versus mercury pressure (absolute) . Material is con- 
sidered acceptable for vaporizers if points fall within, 
or to the right of, the shaded area. 
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IPD-PR-133 


• IPD-PR-151 

Vaporizer screening test results for vaporizers fabricated to the con- 
figuration shown in Figure 12, and by the procedures listed above, are shown 
in Table 6 and Figure 14. These vaporizers were not all fabricated under this 
program. However, the test results are included here to show the variation 
that was still observed in the screening tests. For the cathode vaporizer, 
the test results show a marked decrease in the dispersion of the flow charac- 
teristics. The results for the main and neutralizer vaporizers did not show 
the same improvement. In the case of the neutralizer vaporizers, two assem- 
blies (SN 904 and SN 905) deviate significantly from the other three assemblies 
(for which the data shows minimal variation in characteristic) . It is thought 
that these vaporizers were not adequately "baked out" after the intrusion 
pressure screening test before the flow calibration was performed. The flow 
characteristic for neutralizer vaporizer SN 903 was initially identical to 
that of neutralizer vaporizer SN 904 during flow calibration. However, after 
a bakeout of about 30 hours, additional data was obtained at NASA LeRC (see 
Figure 14). The main vaporizers displayed similar results, in that the main 
vaporizer SN 902 changed flow characteristics after installation and opera- 
tion on the thruster. If it is assumed that the flow calibrations for neu- 
tralizer vaporizers SN 904 and SN 905 and for the main vaporizer, SN 902, were 
in error because of partial intrusion, then the flow characteristics of the 
remaining vaporizers show relatively little dispersion. Consequently, the 
improvements in vaporizer material and fabrication procedures were considered 
to have accomplished their goals; however, the final screening test procedures 
(IPD-PR-133) require further review and refinement. As will be discussed 
later, new requirements have been identified for propellant reservoir con- 
figuration, mercury filling procedures, and flow data collection. These 
improvements in flow measuring techniques will have to be incorporated in 
the screening tests before variations in vaporizer flow characteristics like 
those seen in Figures 14b and 14c can be attributed to the vaporizer design or 
fabrication processes. 
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Table 6. Vaporizer Test Summary 


Component Serial Number 


Test Performed 

1. Measured Intrusion Pressure, PS LA 
at room temperature 
at 400°C after 50 hour test 


2. Measured Flow Rates, A 
at 260° C 
at 280° C 
at 300° C 
at 320°C 

at beginning of 50 hour 
during 50 hour test 
at end of 50 hour test 




c 

V 



901 

902 

903 

904 

907 

908 

•125 

125 

125 

>125 

123 

>125 

•125 

■125 

>125 

107 

120 

123 

.010 

.010 

.010 

.012 

.012 

.014 

.019 

.019 

.018 

.022 

.022 

.025 

.041 

.041 

.032 

.034 

.035 

.038 

.051 

.051 

.045 

.053 

.053 

.062 

.101 

.113 

.117 

.111 

.121 

.138 

.103 

.176 

.125 

.116 

.122 

-141 

.106 

.209 

.128 

.119 

.127 

.151 


Vaporizers 


NV 

901 I 902 I 903 I 904 I 905 


25 125 >125 125 123 

25 >125 >125 (?) >125 


© The main vaporizer was operated at a temperature of 290°C and 
(7) Testing terminated after flow calibration. 

© Measured at NASA LeRC. 


.012 .007 V ' .034 .022 

.022 .024 .021 .062 .036 

.035 .039 .036 .106 .058 

.057 .064 .057 .181 .094 

.111 .116 .123 © .142 

.111 .115 .128 .163 

.111 .119 .128 .147 


reservoir pressure of 60 PSIA during the 50 hour 


—I—— 


105 >125 
96 108 


88.7 113 

121.9 115.5 


.261 .192 

.424 .301 

.709 .508 

1.08 .842 

.526 .643 

.538 .679 

.542 .670 


111.7 101.2 

104.7 102.3 


.166 .714 
.308 .818 
.510 1.088 
.792 1.389 
.394 1.834 
.404 .514 
.394 .528 
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Vaporizer flow (in equivalent amperes) versus inverse vapori- 
zer temperature. 


42 



VAPORIZER FLOW, EQUIVALENT A 


10943-16 

TEMPERATURE, °C 

350 320 300 280 260 



1 /t vap ' 0k_1 x 1q3 
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Figure 14. Continued. 
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Figure 14. Continued. 
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The final vaporizer assembly assignment for the retrofit thrusters is 
shown in Table 7. To date, no anomalies in vaporizer operation have been 
observed for these vaporizers. 

Table 7. Vaporizer Subassembly Assignment for the 
Retrofit Thrusters (as delivered) 


Thruster 

IV-M 

IV-C 

IV-N 

J2 

903 

901 

815 

J3 

825 

805 

917 

J4 

819 

807 

907 

J5 

821 

817 

906 

J6 

811 

814 

919 

J7 

901 

902 

920 


C . CATHODE HEATERS 

The changing of cathode heaters was not a part of the retrofit 
modifications planned for the GFE thrusters; however, heater failures occurred 
on three thrusters during preliminary cathode conditioning and thereby made 
replacement of the failed heaters a necessity. The cathode heater is a coaxial 
swaged heater with a configuration as shown in Figure 15. The center conductor 
is the heating element and is electrically insulated from the outer conductor 
by compressed magnesium oxide. For the cathode heaters (discharge and neutral- 
izer) the center conductor and sheath material is tantalum. The heater is 
fabricated in a swaging operation that compresses the outer conductor, magne- 
sium oxide insulator, and center conductor to final diameter, and expands 
these diameters in a gradual transition to larger diameter for a "lead in" to 
the active element. The failure of the heaters was traced to poor quality 
tantalum that formed flakes on the interior of the outer conductor during 
swaging. These flakes were then compressed and forced into the magnesium 
oxide insulator, eventually resulting in a short circuit between the center 
and outer conductor. This failure led to the addition of specifications and 
assembly instructions to the heater procurement drawing (B1025262 Rev E) . The 
quality controls that are considered essential are: 
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• Magnesium oxide (MgO) insulation of 99% purity. 

• Center conductor wire and sheath tubing to be free of nicks, notches, 

abrasions, reduced diameter or other defects as determined by inspec- 
tion under 30x magnification. 

• All annealing operations to be performed 1204 ± 10°C (2200 ± 50°F) 
with time in heat zone limited to 6 min. 

• Compaction density of MgO insulator to be 90 ± 2% (verified by test) . 

• Weld of center conductor to outer conductor to be checked by die 

penetrant test. 

• Active section of heater and weld to be radiographed (two views, 

90 apart) before coiling of heater. 

• Heating uniformity to be checked by infrared scan (transient and 
steady-state with heater operated in argon atmosphere; acceptable 
variation is ±50 C from average) . 

Heaters of this type had been more-or-less routinely supplied by vendors 
specializing in heater fabrication. Addition of these specifications both 
escalated the costs and all but eliminated the suppliers willing to bid (with 
extremely long delivery times). None of the heaters that were delivered in 
accordance with these manufacturing controls has shown any evidence of deteri- 
oration or failure. 

In addition to the establishment of more stringent quality controls in 
heater fabrication, screening tests were instituted for ferreting out potential 
early failures. Each heater was carefully measured (for heater resistance) 
and then thermally cycled (in vacuum) to full operating temperature for 
100 cycles. The heater resistance was then re-measured, and had to be within 
±10% of its original value or the heater was rejected. 

These controls were applied to all of the heaters used in repairing or 
fabricating new parts for the thrusters retrofit under this contract (including 
the nichrome-center-conductor isolator and vaporizer heaters) . No attempt has 
been made to correlate any relaxation of these control measures with heater 
failures (since there was no opportunity to do so within the scope of this 
program). Consequently, a rather rigid adherence to arbitrarily severe accep- 
tance criteria was employed. This resulted in a rather low yield of accept- 
ability in the heaters fabricated (25%). Heater fabrication processes and 
controls that bear further attention are: 
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• Materials specifications for tantalum wire and tube (purity, 
hardness, testing required). 

• Number of annealing operations, cleanliness of annealing environment. 

• Process for welding center conductor to outer conductor (type of 
weld, heat sinking, molding of outer conductor before weld). 

• Correlation of inspection results with failure rates. 

D. OTHER MODIFICATIONS INCORPORATED INTO THE THRUSTERS RETROFIT UNDER 

THIS PROGRAM 

Several other minor modifications were required in performing the retrofit 
modifications either to accommodate fabrication problems, to correct incom- 
patibilities introduced by the design modifications previously approved, or 
to correct design deficiencies recently identified under other programs. Five 
of the more significant modifications are listed below: 

• Modification of the outer casing to accommodate the dimensions of 
the revised ion optics assembly. 

• Increasing the number of anode support insulators from six to nine. 

• The material of the rivets used to fasten nut plates to the discharge 
chamber was changed from aluminum to stainless steel. 

• The material used for fabricating the wiring cable clamps was changed 
from MACOr( R ) to VESPEl( r ) . 

• The dimensions of the wire diameter and spacing were changed for the 
wire mesh used to cover the main-keeper-insulator shields. This 
also required a new procedure for attachment of the wire mesh to the 
shields. 

These and other less significant changes (e.g., dimensions of parts, etc.) 
have been incorporated in the design documents (drawings and IPD) and in some 
of the retrofit thrusters. Table 8 identifies which of the five changes listed 
above that were incorporated in each thruster. 

Other requirements for modifications in the thruster design or fabrication 
procedures have been identified since completing the retrofit of thrusters 
SN J2 through SN J7 as a result of testing performed by NASA. Some of these 
requirements were determined under this contract as a result of analyzing the 
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Table 8. Matrix of Additional Modifications Incorporated 
in the Retrofit Thrusters 


Thruster S/N 

J2 

J3 

J4 

J5 

J6 

J7 

Outer casing modification 

Yes 

No 

No 

No 

No 

Yes 

Additional anode supports 

Yes 

No 

No 

No 

No 

Yes 

Stainless steel rivets 

Yes 

No 

No 

No 

No 

Yes 

Vespel harness clamps 

Yes 

No 

No 

No 

No 

Yes 

Keeper-insulator shields 

Yes 

Yes 

No 

No 

No 

Yes 
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thrusters returned to HRL after test. Other requirements have been identified 
by the staff of NASA LeRC, or under other contracts. The objective here is to 
make the list of requirements as complete as possible, and representative of 
the status at the time this report is printed. A brief description of the 
requirements that have been identified at this point follows. 

1. Isolator Insulator Protection 

The insulation of two cathode isolators was observed to deteriorate during 
testing in the Mission Profile Life Test (NASA contract NAS 3-20399) . Although 
the investigation of these failures has not yet been completed, it has been 
determined that the principal contaminant on the surface of the insulator is 
carbon. An improvement in protection of these insulators will be required. 

The form of this improvement depends on whether the insulator becomes con- 
taminated during fabrication, during preliminary testing or handling (test 
facilities or shipping procedures) , or as a consequence of outgassing of 
materials used in the thruster during operation of the thruster. 

2. Spalling of Sputter-Deposited Material 

Most of the interior surfaces of the thruster discharge chamber have 
special coverings to retard erosion by ion sputtering, or to inhibit the 
spalling of sputter-deposited coatings. One surface that becomes deposited 
with back-sputtered material (tantalum) has been overlooked, and spalling of 
relatively large flakes of material resulted during the testing of thruster 
SN J7 (leading to early termination of an endurance test) . This surface is 
on the interior of the baffle support cylinder (mild steel) that is part of 
the cathode pole assembly. A grit-blasted tantalum covering for this surface 
would be the most tractable thruster modification. 

3. Vespel Cable Clamp 

The cable clamps that secure the wiring harness at the point where the 
wiring exits the thruster's outer casing represent an unshielded high voltage 
insulator. Consequently, deposition (of some form of material) on the surface 



of these clamps has led to electrical breakdown and cracking of the insulator. 
These clamps will have to be shadow-shielded in the same manner as other high 
voltage insulators. 

4. Isolator Shadow Shields 

The isolator shields are re-entrant shadow-shields fabricated from thin 
stainless steel sheet. The sharp edge of the inner shield is negative with 
respect to the outer shield, and there is evidence that discharges have occurred 
between the shields of the two cathode isolators that failed, perhaps contri- 
buting to the failure. The conditions for breakdown can be enhanced by any 
slight distortion of the concentricity of the isolator shields (which can 
easily occur during installation of the isolator because of the flexibility of 
the shields) . A design revision to eliminate the sharp edge of the inner 
shield and provide more rigidity would alleviate this potential failure hazard. 
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SECTION 3 


ACCEPTANCE TESTING 

A set of test procedures was formulated under NASA contract NAS 3-21052 
to provide a standard acceptance test that could be performed on newly- 
fabricated thrusters and periodically throughout the life of the thrusters to 
determine operating characteristics and performance parameters. In formulating 
these procedures, an attempt was made to make the instructions and descriptions 
sufficiently general to enable anyone with an elementary understanding of 
thruster operation to reproduce acceptance test conditions using an arbitrary 
set of power supplies. Having experienced considerable difficulty in perform- 
ing the acceptance tests on thruster SN Jl, the test procedures were revised 
and redefined under this program to facilitate testing. The procedures as 
now written require a test console with a certain degree of automation, as 
described in a NASA LeRC document entitled "Thruster Requirements Document" 

(see Appendix B) . Several iterations on the procedures were required, first 
to provide opportunity for a real time review of the test data by NASA LeRC 
personnel, and finally, to improve the accuracy of propellant flow measurement. 
The discussion in this section describes the essential issues raised in evolu- 
tion of the acceptance test procedures, presents data relating to the problems 
of obtaining accurate measurement of propellant flow, and compares test results 
for the retrofit thrusters. A summary of the test data for each thruster is 
provided in Appendix C. More complete data packages were provided to NASA 
LeRC; copies may be obtained directly from that center. 

A. ACCEPTANCE TEST PROCEDURES 

The procedures for performing acceptance testing of the 30-cm J-series 
thruster are described in six documents in the Hughes IPD (inspection and 
process document) format. These IPD's are numbered IPD-PR-138 through IPD-PR- 
143. A short description of each document is as follows: 

• IPD-PR-138, 30-cm Thruster Acceptance Procedure , provides detailed 

instructions for taking data and reducing data. 
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IPD-PR-139 , Thruster Test Facility , specifies the vacuum facility 
and thruster interface requirements. 


•» 


• IPD-PR-140, Power Processor , specifies the power supply requirements 
and characteristics needed for thruster testing. 

• IPD-PR-141, Instrumentation and Calibration , describes the test 
equipment and methods used for calibration. 

• IPD-PR-142, Preliminary Thruster Preparation , describes the measure- 
ments and procedures required in installing a thruster in a test 
facility. 

• IPD-PR-143, Data Formats for Thruster Testing , contains the data 
formats for recording the data in acceptance and performance evalua- 
tion tests. 

The performance of the thruster testing is governed by IPD-PR-138. The 
major test elements are: 

• Initial cathode conditioning. 

• Thruster start-up. 

• Determination of the minimum magnetic baffle current for stable 
operation. 

• Measurement of neutralizer-keeper-voltage/vaporizer-temperature 
characteristics . 

• Determination of the minimum emission current (eV/ion) for selected 
operating points. 

• Measurement of thruster efficiencies for ten operating points. 

• Documentation of oscillation in specified thruster parameters. 

• Documentation of thruster high voltage overload recycle characterstics . 

• Documentation of the ion optics system for selected operating points. 

The sequence and procedures for performing these tests is described in the 
IPDs (available from NASA LeRC) . Although the sequence of tests may seem 
relatively unimportant, it was determined during this program that there is 
a preferred sequence for performing these tests if the data is to be obtained 
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reproducibly without accumulating an excessive amount of thruster operating 

time. The ten standard test points are specified by selecting the net 

accelerating voltage, V , the ion beam current, J , the discharge voltage, V . 

b b D 

and the discharge emission current, J . Two other reference values are 

E 

required to fully specify the thruster control parameters: neutralizer-keeper 

voltage, V. iv , and the magnetic baffle current, J . The values for these 
parameters are determined as a function of beam current in the tests described 
in the third and fourth elements above. Table 9 gives a matrix of the test 
points and tests performed during a standard acceptance test. Test points 
numbered 1, 4, 6, 7, and 9 are typically referred to as the principal throttling 
points, and therefore receive the majority of attention in the acceptance test. 
Test point number 11 provides information about the neutralizer control charac- 
teristic that is useful in predicting the effect of the high voltage recycle 
algorithm on the operation of the neutralizer cathode. 

The first quantity that must be determined for operation of a new thruster 
is the value of magnetic baffle current for obtaining the correct division of 
propellant flow into the discharge hollow-cathode and the discharge chamber. 

The form of the characteristic for cathode keeper voltage, V , versus magnetic 

CK 

baffle current, J w _ , is shown in Figure 16. The value of J,_ that becomes the 
MB MB 

reference value for each value of beam current is determined from this charac- 
teristic (as shown in Figure 16) by the following criteria: 

• ^MB should be about 0.2 A less than the value for which Vqk is a 
minimum 

• Vck for the selected value of Jj^B should not be more than 0.02 V 
greater than the minimum value of Vqk 

This characteristic changes during the first few hours of thruster operation, 
and the minimum value of V ^ shifts (usually to a lower value of J^) • Conse- 
quently, it is necessary to allow the thruster to "run-in" for a minimum of 
about eight hours before meaningful characterization can be obtained. 

If the thruster is new and being run for the first time, some period of 
operation is required to obtain stable operation at full-power (to obtain 


55 




Figure 16. Characteristic of cathode keeper voltage versus magnetic 
baffle current. 



Table 9. Matrix of Acceptance Test Control Parameters and Tests Performed 


Control Parameters 



Tests Performed 

c. 

Magnetic Baffle 
Current 

d. 

■ Neutralizer Keeper 
Voltage 

e. 

Minimum eV/ ion 

f . 

Electrical and 

Propellant 

Efficiencies 

8- 

Oscillatory Behavior 

h. 

High Voltage Recycle 

i . 

Ion Optics Perveance 


Test Point 

1 

2 

3 

n 

5 

6 

7 

8 

9 

10 

11 

J, .A 

2.0 

2.0 

2.0 


1.3 

1.3 

1.0 

.75 

.75 

.75 

0 

> 

> 

1100 

1100 

1100 

940 

1100 

820 

700 

1100 

600 

600 

0 

v v 

32 

31 

32 

32 

32 

32 

32 

32 

32 

31 

36 

j e’ a 

12 

12 

11.4 

10 

8.5 

8.5 

7.0 

5.75 

5.75 

5.75 

0 


• Indicates Test Performed 

























infrequent overcurrents or "arcs" and operating parameters in normal range) . 

Consequently, the preferred sequence of performing the acceptance test is to 

"condition" or "activate" the cathode inserts by heating and start the thruster 

by the algorithm shown in Figure 17 . This brings the thruster on at the 

conditions for test set-point number 9. The thruster operator then adjusts 

the value of V„ ir and J w „ to keep the thruster operation stable and in "normal" 

NK MB 

ranges of parameters while gradually increasing the beam current until the 2-A 
set-point (test point number 1) is reached. The thruster is allowed to operate 
at this point for approximately four hours without recording data (other than 
for reference purposes) . Operation and monitoring of the thruster during this 
initial run-in is best performed by an experienced operator, since it is diffi- 
cult to describe all possible variations or combinations of abnormalities (or 
apparent abnormalities) that can occur. After the thruster has operated stably 
for at least four hours at the test point number 1, (TP 1), the magnetic baffle 
test procedure (c) and the neutralizer characteristic procedure (d) are per- 
formed to obtain the values of J WT , and V„ Tr that are used for the remaining tests 
under TP 1, TP 2, and TP 3. Procedures for (i) , and then (e) are performed before 
recording data for determining thruster efficiency. At least three hours of 
operation must be performed at the beam current level for which the thruster 
is being tested if the propellant flow data is to be valid (this will be dis- 
cussed in more detail in the next section). Consequently, the procedures for 
TP 2 and TP 3 are performed immediately after those for TP 1. In terms of 
working time, the testing up to this point has required two 12-16 hour days. 

At least four additional days of testing are required to complete the 
test — one day each for the test group as follows: TP 8, TP 9, and TP 10; 

TP 5 and TP 6 ; TP 4 and TP 7; TP 11 and test procedures (g) and (h) for all 
applicable TP's. The order of these test groups is not important, provided 

that the thruster is allowed to stabilize at each new value of Jj for at 

b 

least three hours (except for procedures g and h) . Test times (beam on) have 
varied from as little as 43 hours to in excess of 100 hours. This variation 
depends on the amount of time required to stabilize the thruster at = 2 A 
initially, and whether data points have to be repeated (because of beam probe 
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Figure 17. Thruster start-up algorithm 












malfunction, or difficulty in obtaining some particular characteristic because 
of a narrow range of thruster stability) . 

The sequence described above differs slightly from that in the latest 
revision of IPD-PR-138 because of the requirement for three-hour operation to 
obtain stable propellant flow. The period of three-hours operating time for 
obtaining thermal equilibrium may not, in fact, be long enough, and therefore 
further revision of the procedure is considered premature without more test 
data. 

B . PROPELLANT MEASUREMENT 

The measurement of the propellant (mercury) flow must be performed with 
high accuracy to provide a valid data base for comparing one thruster with 
another, or for monitoring the characteristics of a given thruster over its 
lifetime. The electrical efficiency of the thruster is determined almost 
entirely by the thruster control parameters that are established by the operator. 
The efficiency of the thruster in ionizing the mercury to produce the programmed 
beam current is, therefore, the most significant measure of a thruster's 
performance characteristic. The pertinent figure of merit is the propellant 
or mass utilization efficiency. To be absolutely valid, this efficiency should 
be defined as the ratio of the number of ions that leave the thruster in the 
ion beam to the number of neutral atoms that enter the discharge chamber each 
second. The rate of ions leaving the discharge chamber can be readily deter- 
mined by measuring both the beam current and the ration of singly to doubly 
charged ions in the extracted ion beam. The ion beam current can be measured 
quite accurately; however, measurement of the ratio of singly to doubly charged 
ions requires a relatively sophisticated probe measurement. An analysis of 
the accuracy of this measurement technique has been performed under NASA 
contract NAS 3-21943, with the result that the inherent capability (error <1 7 .) 
exceeds that of the capability for measuring propellant flow (see Appendix D) . 

Propellant flow has been measured, traditionally, by recording the volume 
of mercury remaining in a calibrated supply reservoir, as a function of time. 



The accuracy of the measurement depends on several factors. First, since 
the volume of mercury used per unit of time is relatively small, any change 
in temperature of the propellant system can produce an apparent change in 
the mercury remaining in the supply reservoir. Secondly, if a small amount 
of gas is trapped in the mercury supply lines, it will expand more rapidly 
than the mercury as it moves nearer the high temperature of the thruster 
and vaporizer, thereby changing the apparent flow from the reservoir. Finally, 
because of the small volume of propellant used per unit of time, the propellant 
flow measurements have to be made over a time interval of at least one-half 
hour. This imposes a rather stringent stability requirement on the power 
electronics unit and its control system. In the course of testing the thrusters 
that were retrofit under this program, procedures were implemented to address 
the elimination of gas trapped in the propellant system, and to ensure a 
steady-state temperature before recording flow data. 

The retrofit thrusters were tested in the sequence as follows: J5, J4, J6, 

J3, J7, J2. The first three thrusters in this sequence were tested before 
attention was focused on the relatively large dispersion in propellant flows 
being measured. Figure 18 shows the propellant efficiencies measured at each 
of the test points for these three thrusters. An intensive examination of the 
propellant system, the reservoir calibration, and the filling procedures was 
undertaken to improve the accuracy of propellant measurement, primarily at 
NAS LeRC, but with some work performed under this program. Making use of the 
information provided by NASA LeRC in TRIM 104, (see Appendix B) , the propellant 
reservoir configuration and filling procedure was modified. The dispersion in 
propellant flow measurements was markedly reduced, as shown in Figure 19. All 
of the data shown in Figure 19 was obtained after ensuring that the propellant 
system was free from trapped gas pockets by using a pressurization criteria 
derived from the NASA experiments. The propellant utilization efficiency data 
obtained in acceptance testing of thrusters SN J8, J9, and J10 (not performed 
under this contract) have been included in Figure 19 to illustrate the improve- 
ment in the data. Whereas the scatter in propellant efficiency for the data 
in Figure 18 is of the order of ±3%, the scatter seen in Figure 19 is only ±1%. 



TOTAL PROPELLANT EFFICIENCY, % 

(NOT CORRECTED FOR DOUBLY CHARGED IONS) 




It is likely that Figure 18 displays only measurement error, while the 
variations seen in Figure 19 may, in fact, be real differences between 
thrusters . 

Some measurement error may still be present, however, since it was 
determined during thruster testing at NASA LeRC (see Appendix B) , and then at 
HRL in testing of thruster SN J7, that the time required for the propellant 
system to reach thermal equilibrium is on the order of three hours. This was 
indicated by the variation of propellant efficiency and manifold temperature 
with time after the thruster was turned on (see Figure 20) . This means that the 
thruster must be operated at the point under test for a minimum of three hours 
before propellant flow data is recorded, at least for startup from a cold 
start. It is not known whether this is adequate for all initial conditions 
or test facilities, or whether it is necessary to monitor the temperature 
stability of more of the propellant system components. 

Variation in performance between thrusters o.n the order of ±1% would not 
be unreasonable since there has been no effort directed towards identifying 
critical tolerances of thruster dimensions or magnetic field strength that 
correlate with performance variations. The axial component of magnetic 
induction measured on the centerline, for example, varies from a minimum value 
of 58 gauss (thruster SN J8) to a maximum value of 66 gauss (thruster SN J9) , 
with values for other thrusters distributed rather uniformly between these 
limits (variation ±6%). Based on Figure 19, this variation does not appear 
to result in significant performance variation; however, this is only one of 
many possible observations. - 

C. ACCEPTANCE TEST RESULTS 

As a part of the acceptance test for each of the thrusters (SN J2 through 
SN J7) that were retrofit under this program, the data was reduced and a 
detailed report was delivered to the NASA program manager. These reports 
are available through the NASA Lewis Research Center. The symbols, definitions 
and equations used for describing and processing thruster data are provided 
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(NOT CORRECTED FOR 

MANIFOLD TEMPERATURE, °C DOUBLY CHARGED IONS) 








in Appendix C with a summary of the more important acceptance test data for 
each thruster. A short discussion of these data is presented in this section. 

The most important characteristics of the thruster from the viewpoint of 

the thrust system designer are the power input required (P ) , the thrust 

produced (F) , and the effective specific impulse (1 ) . These characteristics 

sp 

are shown for the principal operating points in Table 10 (as defined by ion 

beam voltage, V, , and ion beam current, J, ) . Since the control of the J-series 
b b 

thruster is based on beam voltage and beam current, Table 10 provides a cali- 
bration for the thruster tested with regard to the performance that can be 
anticipated. Some variations would be expected, based on the error in pro- 
pellant measurement contained in most of these data (discussed in the preceding 
section) . Although the statistical sampling is too small to provide any 
validity to the averages shown, they should be useful as representative values. 
It should also be noted that propellant efficiencies measured at NASA LeRC 
have consistently been 1 to 2% lower than those measured at Hughes. .Conse- 
quently. the values of n^ and I shown in Table 10 should be considered 
optimistic (at least until the remaining source of error can be identified) . 

Two other important thruster "calibrations" are the reference values for 
the magnetic baffle current (J ) and the neutralizer keeper voltage (V^) as 
functions of beam current. Figure 21 shows the values of magnetic baffle 
current determined as "optimum" by the acceptance test procedure (including 
two points repeated at NASA LeRC ) J The dashed line indicates a best fit to 
the data shown that could be acceptable for determining the reference value 
of magnetic baffle current at any given beam current without appreciable loss 
of stability or change in propellant flows. However, it would have to be 
verified experimentally that stable thruster operation would result from using 
the best fit value of magnetic baffle current for a specific thruster. 

Figure 22 shows the neutralizer voltage reference values for each thruster 
that were determined by the acceptance test procedures. Again, the dashed 
curve represents a best fit of the data; however, this curve is of value only 
as a tool in estimating or modeling thruster performance. The neutralizer 
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Figure 21. Selected magnetic baffle currents. 
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Table 10. Summary of J-Series Thruster Performance Characteristics 


Thruster 

Performance Characteristics 

S/N 
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0 

f© 

H rji J 
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I SP’ 
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4 

W 

T 

/o 

mN 

sec 

2 
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0.986 

73.1 

129.3 


4 
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72.2 

128.5 

3049 

5 





2626 
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0.982 

72.5 

127.7 

3043 

6 



mm 
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0.986 

77.0 

131.3 

3179 

7 



U 


2664 
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0.989 

73.1 

328.5 

3094 

Average 
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3087 

2 

9 
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0.988 
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96.8 

2833 

3 


f 

ms 
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69.2 

96.3 

2771 

4 


H- 1 

■ 


1890 

0.972 

0.977 

68.1 

95.1 

2764 

5 


H 

■ 


1889 

0.945 

0.983 

65.0 

93.0 

2695 

6 



I 


1861 

0.972 

0.936 

70.9 

96.6 

2824 

7 



■ 


1890 

0.972 

0.985 

73.3 

95.8 

2828 

Average 





1880 

0.970 

0.984 

69.7 

95.6 

2786 

2 


■ 


— 

mm 
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68.7 

■9 

2630 

3 

■ 


■1 


I 

wKBm 

0.986 

64.8 

WSm 

2531 

4 





1406 

0.978 

0.978 

67.6 

72.6 

2510 

5 





1398 

0.967 

0.982 

61.9 

72.2 

2447 

6 





1394 

0.976 

0.985 

64.7 

73.0 

2511 

7 





1399 

0.973 

0.983 

63.6 

72.4 
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1398 

0.977 
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65.2 

72.9 

2523 

2 

700 

i. 

0 

982 

0.995 

0.983 

61.4 

53.0 

2320 

3 





980 

0.984 

0.984 

58.4 

52.0 

2249 

4 





978 

0.983 

0.977 

59.6 

51.7 

2251 

5 





977 

0.97 

0.982 

55.3 

51.5 

2142 . 

6 
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0.988 

0.984 

62.8 

52.6 

2390 

7 





982 

0.98 

0.986 

59.9 

52.0 

2306 

Average 





980 

0.983 

0.984 

59.6 

52.1 

2276 

2 

600 

0. 

75 
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0.999 

0.988 

54.7 

37.1 

2085 

3 





691 

0.99 

0.98 

51.3 

36.3 

1993 

4 





681 

0.99 

0.977 

50.7 

35.6 

1941 

5 





696 

0.98 

0.983 

50.3 

36.16 

1977 

6 





691 

0.99 

0.984 

50.2 

36.7 

1926 

7 





694 

0.99 

0.99 

52.7 

36.7 

2035 

Average 





691 

0.992 

0.984 

51.6 

36.4 

1992 

© ,x is 

the correction factor for contributions of doubly charged ions to 

V 

© F rf is the 

correction factor for non-axial velocity components 

of beam ions. 
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for thruster SN J7, for example, cannot operate stably at a value of V ^ on 

the best fit line since the minimum point of its characteristics (V, TT , vs 

Nix i\V 

are only slightly less than the values determined by the "best fit" line (in 
voltage, see Appendix C) . Consequently, the dispersion displayed in the data 
shown in Figure 22 demonstrates the need for individual thruster calibration 
and the provision in the power processor for accommodating these differences. 

The conclusions that can be drawn from the acceptance test data for the 
retrofit thrusters are as follows: 

• There is relatively little dispersion in the important performance 
measures, even though the test procedures and quality control 
measures used were undergoing refinement throughout the retrofit 
activity . 

• All of the thrusters can be operated stably by the same power 
processor by programming a few of the control references. 
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SECTION 4 


DOCUMENTATION 

The documentation discussed in this section is the collection of 
engineering drawings and inspection and process documents (IPDs) used for 
fabrication of the 30-cm J-series thruster. The design of the J-series 
thruster, as determined by these documents was reviewed, modified, and con- 
sidered to be complete and final under the Retrofit and Verification Test 
contract (NAS 3-21052) . There were approximately 200 drawings and 40 IPDs 
that described the thruster design in somewhat more detail than required by 
the DOD-D-IOOO, level 1 standard. However, in the formal terminology of Con- 
figuration Management, the design documentation was incomplete for establish- 
ing "configuration identification" and a detailed "end item" specification. 

The work performed under this program upgraded and augmented the existing 
documents to improve the "technology readiness" status for a more formal con- 
figuration management and document control program. 

A. INITIAL REVIEW 

With the completion of the documentation update to include the retrofit 
modifications designed under contract NAS 3-21052, the completeness of the 
drawings and IPDs for the J-series thruster was considered adequate for the 
status of the thruster development at that time. It was soon learned that 
further design modifications (primarily in the vaporizer and ion optics 
assemblies) would be necessary to meet the objectives of the thruster retrofit. 
Consequently, a new task was added to this program to incorporate into the 
drawings and IPDs the changes that were required to correct the deficiencies 
in the thruster design that had been observed in verification and acceptance 
tests. This work was completed and the drawing and IPD package was placed 
under control of the HRL document control organization. A formalized procedure 
was established for providing further engineering changes, subject to Hughes 
and NASA review and approval. Shortly after the documentation package had 
been completed and placed under drawing control, closer scrutiny by both Hughes 
and NASA personnel began to uncover relatively minor, but significant errors 
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of omission, inconsistencies between drawings, and inadequacies in the 
cross-referenced parts list. The discrepancies noted were of the following 
general types: 

• omission of some critical dimensions or tolerances 

• omission of IPD references 

• omission of process specifications 

• inconsistency of dimensions or tolerances 

• incorrect dimensions, callouts, or tolerances 

• inadequate criteria for inspection 

• confusing or ambiguous instructions 

• incorrect sequence of operations 

In the end, 89 engineering change requests (ECRs) were written and pro- 
cessed, with 85 being resolved and completed, and four rejected for lack of 
data to formulate the missing specifications in a meaningful way (so that 
specifications could be met without radically changing the way in which HRL 
previously has built or procured thruster parts). The type of specifications 
that require a more definitive formulation cover the general areas of 

• welding (electron beam and TIG) 

• materials (impregnated porous tungsten,, tantalum, etc.) 

• purchased parts (heaters, etc.) 

Adequate treatment of these areas could not be performed within the scope of 
the resources allotted to this task. 

To provide a guide to the documentation available for the 30-cm J-series 
thruster, the final indentured parts list has been included in this report as 
Appendix E. The completeness of the documentation for the 30-cm, J-series 
thruster as represented by this parts list now satisfies the requirements of 
the DOD-D-IOOO, level 2 standard. Consequently, the objectives of the docu- 
mentation task are considered to be satisfied. 
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SECTION 5 


CONCLUSIONS 

Under this program, six 900 series, 30-cm mercury ion thrusters were 
modified to the J-series design and evaluated using standardized test pro- 
cedures. The performance of the retrofit thrusters now meets the design 
objectives with regard to operating characteristics, electrical efficiency > 
and mass efficiency. On the basis of preliminary test results (obtained under 
other programs) it can be inferred that the design objectives for all other 
thruster properties (not evaluated under this program) will also be satisfied 
by the thruster design. In order to complete the retrofit modifications and 
satisfy the evaluation tests, it was necessary to advance the status of 
several technology areas. First, the design of the ion optics assembly was 
improved to provide dimensional stability under normal thermal conditions. 
Second, the porous tungsten vaporizer design was improved to eliminate vapor- 
izer failures (by penetration of the mercury propellant). Third, quality 
control measures were instituted to improve fabrication of swaged heaters for 
cathodes and vaporizers. Finally, the procedures for preparation and testing 
of thrusters were improved to reduce inherent measurement error. 

The test data for the six thrusters shows relatively little dispersion, 
considering that the improvements in fabrication and testing procedures were 
cumulative throughout the program. If the fabrication and testing uncertain- 
ties were factored out, the performance variations would be less than ±2%. 
Moreover, the thrusters could all be operated with a single power processor, 
and within a "normal" range of control parameters. 

The drawings and IPDs for fabricating thrusters of the J-series design 
are now quite adequate for reproduction of J-series thrusters by any industrial 
organization having the appropriate fabrication and assembly skills, and some 
understanding of ion thruster operating principles. The completeness of the 
documentation for a formal "configuration management" program is subject to 
question. 

Not all of the initial design objectives were met during the program. 

The vaporizer design that evolved resulted in characteristics for vaporizer 


73 



temperature versus propellant-flow that require operation at a temperature 
approximately 50°C higher than was considered desirable at the outset of the 
program. If it is necessary to operate the thruster in a higher temperature 
environment than anticipated (e.g., for a Comet Encke redezvous) , the vaporizer 
design may, in fact, be satisfactory. The adequacy and finality of the 
J-^series design will therefore depend on future definitions of systems require- 
ments and the results of the continuing verification and life tests (under 
other programs) . 


A > 
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APPENDIX A 


MODIFICATIONS FOR UPGRADING 900 SERIES 30 CM THRUSTERS 
TO THE J-SERIES THRUSTER DESIGN 

The design of the 900 series 30-cm thruster was reviewed under NASA 3-21052, 
and 20 design modifications were identified to correct failure modes that had 
either been identified in design validation testing or were considered potential 
failures. These modifications were implemented in thruster SN 901 to obtain the 
first of the J-series thrusters (SN Jl). A discussion of these design modifica- 
tions follows. 

Screen Grid 

Based on the erosion rate of the screen grid during a 4000-hour endurance 
test, the projected lifetime of the screen grid was estimated to be less than 
10,000 hours. Since the design goal for the thruster lifetime is 15,000 hours, it 
was imperative that a corrective measure be taken. The action taken was to alter 
the accelerator grid design. Lewis Research Center (LeRC) and Hughes Research 
Laboratories (HRL) technology programs showed that a low transmission (less than 
30%) accelerator grid permits a lowering of discharge chamber voltage without a 
loss in thruster efficiency. A lower discharge voltage reduces the fraction of 
doubly charged ions that are produced in the chamber; therefore, the lower energy 
and fewer doubly charged ions reduces the screen grid wear. The recommended 
change was to decrease the diameter of the apertures in the accelerator grid from 
0.152 cm (0.060 in.) to 0.114 cm (0.045 in.). More will be said later about a 
modification to the accelerator support brought about by this change. 

Insulation of Wire Near Cathode Polepiece 

Teflon/Kapton insulated leads connected to the cathode heater, magnetic baf- 
fle coil, and cathode keeper pass through the region around the cathode polepiece. 
Operating temperatures of 300° C caused the insulation to loosen, which could per- 
mit a short between the leads and surfaces at different potentials. In fact, this 
happened to the cathode keeper lead during the endurance test after 4000 hours of 
operation. To prevent this from occurring, a change in the insulation in the hot 
region was proposed. Ceramic beads were suggested as replacements, as shown in 
Figure A-l. The insulation was to remain the same in the cooler regions. 
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Figure A-l. Modification in wiring to eliminate Teflon/ 

Kapton insulation in proximity to the cathode 
pole piece. 


Cathode Polepiece Wire Mesh Covering 

Wire mesh is used to cover surfaces where sputter deposition is anticipated. 
The mesh inhibits spalling by providing an irregular curved surface for the depo- 
sition. In spite of this, large flakes were observed in the interior of the cath- 
ode polepiece during an examination following 4000 hours of testing. Tests at 
LeRC showed that a better choice for mesh size would be a 0.018 cm (0.007 in.) 
spacing between 0.009 cm (0.0035 in.) diameter wires. This wire size was proposed 
as a replacement for the original mesh. 
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Gimbal Bracket Insulators 


Two gimbal pads are used to support the thruster. Both are diametrically 
opposite each other on the outer cylindrical surface of the thruster and are sup- 
ported by ceramic insulators. Some of these insulators fractured during a vibra- 
tion test. For this reason, replacement with insulators made of Vespel have been 
suggested. The Vespel insulator design includes threaded steel inserts, and a 
temperature limit of 300* C, which would be acceptable since the insulator tempera- 
ture is not expected to exceed 200°C. 

The following are lesser modifications that were also proposed and have been 
accepted. 

Anode 

Stainless steel wire mesh was attached to the inner surface of the anode in 
several places. The purpose of the mesh was to minimize the formation of flakes. 
Unfortunately, the method of attachment permitted the mesh to lift away from the 
anode surface. The proposed modification was to use anode material that had the 
mesh bonded to it. 

Baffle Support and Magnetic Coil 

The end of the tubular baffle support has openings that permit electrons to 
pass from the cathode past the baffle into the discharge chamber. The material 
next to these openings is covered with tantalum foil. This foil interfered with 
the magnetic coil when it was installed on the support tube. The proposed design 
increases the magnetic coil diameter and the diameter of the part of the baffle 
support used to mount the coil. The dimensions of the openings in the end of the 
baffle support would remain the same. 

Cathode Inserts 

Tantalum wires were used to attach the porous tungsten inserts to the 
cathode tube. These wires frequently became brittle and broke during assembly. 
Rhenium wire was suggested as replacement to decrease the chance of failure. 

Neutralizer Erosion Shields 

Examination after the 4000-hour test revealed erosion in the neutralizer 
assembly. An extension of the neutralizer erosion shield was suggested to protect 
this area. 
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Wiring Harness 


An increase of the harness wire length (to 3.65 m) was proposed to 
accommodate the interface requirements for thruster testing. A Hughes specifica- 
tion for lead wire was also proposed for wire purchases. 

Anode Insulator 

Since Lucalox is no longer available, HRL proposed that the anode support 
insulator be changed to alumina (AL 300) . 

Vaporizer 

Variation in vaporizer behavior was observed in several instances. In order 
to obtain more uniform vaporizer material, a new specification was proposed. 
Detailed fabrication instructions were also suggested to be incorporated into the 
design package. 

Neutralizer Fasteners 

Neutralizer fasteners were located in places that were close to insulated 
wire leads. Using excessive torque on these fasteners resulted in damage to the 
insulation in some cases. This damage was difficult to prevent and detect. The 
relocation of these fasteners was proposed to avoid the problem. 

Wire Harness Clamp 

The Mycroy harness clamp broke several times during assembly . The design 
change proposed that the material be changed to machinable ceramic. 

Insulator Shield 

Cup shields are used to protect insulators from material deposits. Misalign- 
ment of the shields could occur easily creating a short. A self-centering design 
for the shields was proposed. 

Gimbal Pad 

Tolerance buildup could create an extremely small clearance between the 
gimbal pad (at spacecraft potential) and the accelerator grid mounting (at screen 
potential). This required a custom fit to avoid arcing. A change in the pad 
dimension was suggested to eliminate this special handling during assembly. 

B ackp late Structure Base 

The backplate was fitted to the backplate structural brace with shims. This 
procedure was time consuming and inaccurate. The design proposed incorporates 
spacers that are fitted by custom machining. 
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Cathode Isolator Heater 


Identical main and cathode isolator heaters were fabricated, but the heater 
used on the cathode isolator had to be partially uncoiled when assembled. This 
bending of an active part of the heater was undesirable. A request to change the 
design of the cathode isolator heater to its final configuration was made. 

Ground Screen 

Once a thruster was attached to the gimbal pads, access to the wiring termi- 
nals or inspection of some thruster components required that the thruster be 
removed from the mount and the neutralizer assembly detached from the ground 
screen. The proposed design altered the ground screen so that it could be removed 
without disturbing the neutralizer or the mount. 

Pr opellant Manifold 

Performance testing requires individual monitoring of mercury flow to the 
three vaporizers. This meant that propellant line connections had to be made 
within the ground screen and required undesirable manipulation of the propellant 
lines. A manifold was proposed that would be located at the rear of the thruster 
for acess to the feed lines for the three vaporizers, and that could be used for 
either single or multiple mercury lines. 

Coaxial Heater Terminal 

Coaxial heaters are used on the vaporizers and cathodes. The terminals are 
complex, fragile, and difficult to fabricate. It was proposed to use the simpler 
terminal that is employed on the 8-cra thruster. 

Two additional modifications were proposed and rejected. They dealt with the 
backplate wire mesh specification and the isolator heaters. It was determined at 
the design review that there was not a good justification for the proposed changes 
and they were dropped. 

Only fifteen of the design modifications listed and described in the para- 
graphs above were approved for retrofitting existing thrusters. The modifications 
incorporated were those affecting the following components or subassemblies: 

1. Ion optics electrodes (accelerator aperture diameter) 

2. Cathode pole-piece subassembly (wire mesh coverings) 

3. Anode (bonded wire mesh) 

4. Gimbal pad mounting insulators (Vespel) 

5. Porous tungsten cathode inserts (lead attachment) 
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6. Neutralizer erosion shields (change in area) 

7. Wiring harness (wire size and lengths) 

8. Anode insulators (alumina) 

9. Neutralizer housing subassembly (dimensions) 

10. Wire harness clamp (material) 

11. Insulator shields (self-centering) 

12. Ion optics assembly mounting ring (fastener recess) 

13. Backplate structural brace (custom spacers) 

14. Outer ground screen (improve fit) 

15. Propellant line manifold (test interface). 
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Appendix B 


NASA Documents 


This appendix is comprised of internal NASA documents 
that were supplied for reference under Contract NAS 3-21357. 
The work described in these documents was essential to the 
conduct of the work performed under this contract. 



THRUSTER REQUIREMENTS DOCUMENT 


Prepared by: 



R. T. Bechtel 


NASA - Lewis Research Center 



1.0 SCOPE 


This document identifies the electrical power and control capabilities 
required to operate a J-series 30-cm thruster according to the 
algorithms of Refs. 1 and 2 and Section 7-0. 

2.0 DEFINITION OF TERMS 

2.1 Load resistance is measured at the heater terminal and does 
not include cable, connectors, or instrumentation impedances 
(standard thruster is supplied with 12 foot harness per Table l). 

2.2 Operating points are the independently selectable current or 
voltage values required for thruster operation. 

2.3 Regulation and low frequency ripple includes all line, load, 
and thermal variations; accuracy and repeatability of operating 
point selection; and any low frequency (<100Hz) oscillations. 

2.4 High frequency ripple includes all oscillations and variations 
>100Hz. 

2.5 Symbols are defined in Table II. 

3.0 The fol lowing algorithms are considered as part of this thruster 
des i gn . 

3.1 Pre-condition 

3.2 Start-up 

3.2.1 Preheat High (PHT Hi) 

3.2.2 Preheat Low (PHT Lo) 

3.2.3 Ignition Heat ( I G/HT) 

3. 2. 4 Run (Normal) - including throttle 

3*3 All off-normal detection and correction algorithms. 

3.** The recycle sequence algorithm (see 7-0 below). 

3-5 Algorithms of 3.1, 3*2, and 3.3 are detailed in Ref. 2. 

4.0 THRUSTER LOADS 

The thruster consists of 12 loads consisting of 6 heaters, 1 electro- 
magnet, 3 discharges, the beam and the accelerator grid. 
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2. 

4.1 The 12 thruster loads are listed below: 

4.1.1 Main Vaporizer Heater 

4.1.2 Cathode Vaporizer Heater 

4.1.3 Neutralizer Vaporizer Heater 

4.1.4 Cathode Tip Heater 

4.1.5 Neutralizer Tip Heater 

4.1.6 Isolator Heater (2 in parallel) 

4.1.7 Neutralizer Keeper Discharge 

4.1.8 Cathode Keeper Discharge 

4.1.9 Main Discharge 

4.1.10 Magnetic Baffle Coil 

4.1.11 Beam Extraction (Screen Grid) 

4.1.12 Accelerator Grid 

4.2 The electrical requirements of each load are given below and in 
Table 111. 


6.3-rt nom. 

6.8^2- max. 

Operating Points Continuously variable from 

0 to 14. 2W +_ 1W vaporizer heater 
power to maintain Jg constant 
to within + .03A (0 to 1 .5A 
rms or DC) 

Jb Set Points 

0.75A 
0.8 
0.9 
1 .0 
1.1 
1 .2 

1.3 

1.4 

1.5 

1 .6 

1.7 

1.8 
1.9 
2.0 

Reg. and L. F. Ripple No Spec. 

H. F. Ripple No Spec. 


4.2.1 Main Vaporizer 
Load Resistance 
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4.2.2 Cathode Vaporizer 
Load Resistance 

Operating Points: 


Reg. and L. F. Ripple 
H. F. Ripple 

4.2.3 Neutralizer Vaporizer 
Load Resistance 

Operating Points: 


Reg. and L. F. Ripple 
H. F. Ripple 


3 . 


3.3-rt.nom. 

3 . 6 ^ 2 max. 

Continuously Variable from 0 to 
13. 2W + IV/ vapori z^r heater 
power to maintain A'Vj constant 
to within + ,05V (0 to 2A rms 
or DC) 

AVj Set Points (at load) 

32 V 
34 V 
36 V 

No Spec. 

No Spec. 


3.3/tnom. 

3.6-rzm ax. 

Continuously variable from 0 to 
13. 2W +_ 1W vaporizer heater 
power to maintain V^ constant 
to within + .2 V 

Vf^ Set Points (at thruster) 


17.0\/ 

14.-0 

16.0 

13.5 

15.0 

13.0 

14.0 

12.5 

Spec. 



No. Spec. 
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4.2.4 Cathode Tip Heater 
Load Resistance: 


4. 


Operating Points: 

Reg. and L. F. Ripple 
H. F. Ripple 

4.2.5 Neutralizer Tip Heater 
Load Resistance: 

Operating Points: 

Reg. and L. F. Ripple 
H. F. Ripple 

4.2.6 Isolator Heate r 
Load Resistance: 

Operating Point: 

Reg. and L. F. Ripple 
H. F. Ripple 


3.0- n.(hot) nom. 

3.3-rt-(hot) max. 

18.8 watt (2.5A rms or DC) 
54.2 watt (4.25A rms or DC) 

+ l watt (+_ approx. .05A) 

+ 10* 

3.0- n-(hot) nom. 

3.3utJ-(hot) max. 

18. 8W (2.5A rms or DC) 

48. 0W (4.0A rms or DC) 

+ 1W approx. 0.05A) 

+ 10% 


2 .2zrnom. 

2.5,n.max. 

(main and cathode in parallel) 
108W (7A rms or DC) 

55W (5 A rms or DC) 

+ 5 % (+ approx. 0.03A) 

+ 10 % 


..jm! 
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5 . 


4.2.7 Neutralizer Keeper (Low Voltage) 


Volt/Amp Requirements 
Operating Points 


^ 25 v @ 0.025A 
>22V @ 2.4A 

2 . 1 A 
2.4A 


Reg. £ L. F. Ripple + 0.05A 

H. F. Ripple (> 100Hz) + 5 % 

Output Z - Inductive, required for recycle algorithm, 7.1 

Present values for power processor of Refs. 1 and 3 

1 .9 mhy @ full load DC 
2.2 mhy @ full load DC 


A. 2 . 8 Cathode Keeper 
Volt/Amp Requirements 

Operating Points 
Reg. £ L. F. Ripple 
H. F. Ripple (> 100 Hz) 
Output Z 


.>25 V § 0.025A 
^18V e 1.0A 

1 .0A 

+ 0.05A 

+ 5 % 

No Spec. 


4.2.9 Boost Section (High Voltage for Keeper Supplies) 


Volt/Amp Requirements 


375 + 25 V @ 0A 
28 + 3V § 0.025A + C 


Max. power not to exceed 3.5 watts 


.005A 


93 


4.1.10 Main Discharge 


Volt/Amp Requirements 50V § 0A 

45V @ 14A 

Operating Points ^ 5.75A 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 
9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 


Reg. & L. F. Ripple + 0.2A 

H. F. Ripple + 5 % 


Output Z - Inductive, required for recycle algorithm, 7*0 
Present values for power processor of Refs. 1 and 3 


0.48 mhy @ full 'load DC 
0.55 mhy @ 2A - DC 

Emission current (J^) set and measured in negative output without 
screen current included. 


4.2.11 Beam 


7 . 




noov @ o.4a 
1100V e 2. 1 A 
£1100V §<0.4A 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1050 

1100 

+ 50V 

+ 5 % 

(approx. 1/2 Joule storage) 


Volt/Amp Requirements 
Operating Points 


Reg. & L. F. Ripple^) 

H. F. Ripple (> 100 Hz) 
Output Z, Capaci t ive , > 1 yf 

4.2.12 Accelerator 
Vol t/Amp Requi remen ts 

Operating Points 
Reg. £ L. F. Ripple 
H. F. Ripple 
Output Z 

4.2.13 Mag Baffle 
Load Resistance 

Current Operating Points 
Reg. £ L. F. Ripple 
H. F. Ripple 
Output Z 


300V @ 0.A 
300V @ .03A 
250V § .10A 

300 V 

+ 10V 

+ 5 % 

Capacitive , 2 0. luf 

0.2-n.nom. 

0.5-fl- max. 

0 to 4.5A in .1A increments 
+ 0. 1 A 
+ 5 % 

No Spec. 


I 
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4.3 The algorithms and phases for which each operating point is required is given below: 



Pre-Cond. 

PHT Hi 

PHT Lo 

IG/HT 

Run (Norm. ) 

Run (Off-Norm.) 

Main Vap. (all Jg set pts.) 




X 

X 

X 

Cath. Vap. (all AV| set pts.) 




X 

X 

X 

Neut. Vap. (all V^k set pts.) 



X 

X 

X 

X 

Cath. Tip 54. 2W 


X 

X 

x<’> 


X<D 

18. 8W 

X 






Neut. Tip 48. OW 


X 

X 

X (2 ) 


x (2) 

18. 8W 

X 






1 sol . Htr. 108W 


X 





55W 



X 




Neut. Kpr. 2.4A 



X 

X 

X 

X 

2 . 1 A 





X 

X 

Boost 


X 

X 

X 


X 

Cath. Kpr. 1 .OA 




X 

X 

X 

Boos t 


X 

X 

X 


X 

Discharge (all set pts.) 




X 

X 

X 

Beam (al 1 V| set pts.) 





X 

X 

Accelerator 300V 





X 

x 

Mag. Baffle (all J^g set pts.) 




X 

X 

X 


^Only if J E ^ 4A for 5 
(^Only if ^ .7A for 


sec 
5 sec 


co 
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5.0 CONTROL FUNCTIONS 

The following control functions must be provided by the power processor 
or some other controller. 

5.1 Sense j£ and insure that the cathode tip current is set to 0A within 
5 sec after Jg exceeds 4A. 

5.2 Sense and insure that the neutralizer tip current is set to 0A 
within 5 sec after J^k exceeds 0.7A. 

5-3 Sense Jg and J a and initiate and control the recylcle sequence in 

accordance with the attached recycle algorithm. Total sequence time 
< 600m sec (see 7.0) • 

5.4 Provide continuous control of 3 vaporizer heaters as described in 4.2. 

6.0 TELEMETRY 

6.1 The following parameters must be measured and made available for 
algorithm decisions or thruster operational and performance evaluation 

V|, Jr » J A» AV I» J E» J MB> V NK» J NK> V CK» and V G- 

6.2 The following parameters are useful for thruster operational and 
performance evaluation: 

Jy. J cV ’ d NV * J CT’ V CT’ J NT» V NT» J CK» V A> T N» T CV’ and T NV‘ 

6.3 Platinum resistance vaporizer temperature sensors are provided for 
temperature measurement. These sensors are Norn. 200yt@ 0°C with a 
gain of 0.7Zrt/°C. 

7.0 RECYCLE SEQUENCE ALGORITHM 

7.1 Conditions for Initiating Sequence 
J b > 2.1A and/or JA>60mA for> 70m sec. 

7.2 At Sequence Time t = 0 

7.2.1 Turn off screen and accel . voltages 

7.2.2 Decrease Jj: to 2.6A +_ 0.2A 
7*2.3 Increase J N |^ to 2.4A + 0.05 A 
7.2.4 Disable Jg, Comparison Circuits 

7.3 At Sequence Time t = 150m sec + 10m sec 

Turn on screen and accel. voltages to previous run values. 
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7.4 At Sequence Time t = 250m sec +_ 20m sec 

7.4.1 Reset Jj: to previous run value 

7.4.2 Reset Jnk to previous run value 

7.4.3 Enable Jg, comparison circuits and reset 70m sec timer 
to zero if necessary. 

7.5 Rise and Decay Times (Typical) are as Follows: 

Rise Decay 

Vg < 30m sec <5m sec 

V/^ g < 30m sec <5m sec 

j£ 100 - 150m sec <50m sec 

JNK < 5m sec <5m sec 

7.6 Typical sequences are attached. Photo Set 1, 3 , and 4 are for 0.75A J 
at 600 V V | ; Photo Set 2, 5, 6, 7 and 8 are for 2A Jg at 1100V V | . 

7.7 A flow chart of the algorithm is attached. 




- - 


JH ata 


Set #1 

#1 V| 500 v/cm 
n V A 200 v/cm 
#3 Jd ^ amp/cm 
J^K 1 amp. cm 
no delay 


Set #2 

#1 V| 500 v/cm 
#2 V A 200 v/cm 
#3 Jd amp/cm 
4 Jnk 1 amp/cm 
260 msec delay 


1* '• 

Jr ^ ..wr^r-r^iir* — ^«r -- 

" j; 

: K., 

1 li~— 1: • 


i: 

•» -4 / till 



‘"'Vih- „ : w'' u,| ! 

JKSEr -uyu^ 


Set 

: #3 


Set 

1 


#1 

v l 

500 

v/ cm 

#1 V, 

500 

v/cm 

n 

v A 

200 

v/cm 

n v A 

200 

v/cm 

n 

1 B 

0.5 

amp/cm 

#3 Ib 

0.5 

amp/cm 

ttb 

■a 

0.1 

amp/cm 

A i A 

0.1 

amp/cm 

no 

de 1 

ay 


260 msec ( 

del ay 










#6 

#1 V, 500 v/cm 
n V A 200 v/cm 
#3 I b 1 amp/cm 
M l A 0.1 amp/cm 
260 msec delay 


§\ V| 500 v/cm 
H2 V A 200 v/cm 
#3 Jd ^ amp/cm 
2 amp/cm 

no delay 


Set 

#1 V| 500 v/cm 
#2 V A 200 v/cm 
#3 1(5 1 amp/cm 
« l A 0.1 amp/cm 
no delay 


#8 

#1 V| 500 v/cm 
HI V A 200 v/cm 
#3 J[) ** amp/cm 
fk Jjjk 1 amp/cm 
300 msec delay 







Zfcy ^ < S~0«iS 
'T << 

7 " < 3or*i£ 

Ue "T ^ /z<? />tS 
Jfe V&oty 7 * * 3" />iS 


if: 

J r >z/a 

0£ 

Ja > Com A 
ft& ^ 7di»$ec- 
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8.0 POWER REQUIREMENT MARGINS 


8.1 Two potential areas of degradation which might impact power require- 
ments exist. These are cathode degradation and beam extraction 
degradation. Although no evidence of either of these problems has 
appeared in any long term tests to date, final verification through 
15,000 hours has not explicitly been achieved. 

8.2 Cathode degradation could cause difficulty in starting and/or 
difficulty in maintaining desired emission current levels during 
steady state. Although neither difficulty has been encountered, 
present power processor designs carry a k to 5 watt power margin for 
the former and the capability of operating tip heaters during steady 
state operation for the later. Neither margin has been required to 
date in J series thruster testing. 

8.3 Beam extraction degradation could require higher total extraction 
voltages for a given beam current. Current power processor designs 
carry an extra 200V margin (500V total capability) in the accelerator 
supply if needed. This margin has never been required to date in 

J series thruster testing. 


TABLE l - Thruster Wire List 


TERMINAL NO. 

TERMINATION 

AWG NO. 

WIRE NO. 

1 


Cathode Vaporizer 

16 

1 

2 


Neutralizer Keeper 

16 

2 

3 


Neutralizer Heater 

16 

3 

4 


Neutralizer Vaporizer 

16 

4 

5 


Neutralizer Common 

16,16 

5A, 5B 

6 


Accelerator 

20 

6 

7 


Main Vaporizer 

16 

7 

8 


Main Isolator 

16 

8 

9 


Discharge (Anode) 

16,16,20 

9A, 9B, 9P 

10 


Cathode Heater 

16 

10 

11 


Cathode Keeper 

20 

11 

12 


Magnetic Baffle (Outer) 

16 

12 

13 


Cathode Isolator 

16 

13 

14 


Vaporizer Return 

16 

14 

15 


High Voltage Return 

16,16,20 

15A, 15B, 15P 

16 


Sensor Common 

20 

16 

17 


Mag Baffle (Inner) 

16 

17 

18 


Main Vaporizer Sensor 

20 

18 

19 


Cathode Vaporizer Sensor 

20 

19 

20 


Neutralizer Vaporizer Sensor 

20 

20 

2K-) 

22 (+) 

Main Vaporizer Thermocouple 


21 (-) , 22 (+) 

23(-) 

24(+) 

Cathode Vaporizer Thermo- 





couple 


23(-), 24 (+) 

25(-) 

26(+) 

Neutralizer Vaporizer Thermo- 

- 




couple 


25(-) , 26(+) 


TABLE H - Symbols 


Cathode Tip Heater Voltage 
Neutralizer Tip Heater Voltage 
Neutralizer Keeper Voltage 
Cathode Keeper Voltage 
Discharge Voltage 
Accelerator Potential 
Beam or Net Accelerating Potential 
Neutralizer to Ground Coupling Voltage 
Main Vaporizer Current 
Cathode Vaporizer Current 
Cathode Tip Heater Current 
Neutralizer Tip Heater Current 
Neutralizer Vaporizer Current 
•Neutralizer Keeper Current 
Cathode Keeper Current 
Cathode Emission Current 
Accelerator Drain or Impingement Current 
Beam Current 
Mag Baffle Current 
Main Vaporizer Temperature 
Cathode Vaporizer Temperature 
Neutralizer Vaporizer Temperature 


TABLE III 



Loac 

1 ,- 0 . 

KE29H 

Max. 

Main Vaporizer 

6.3 

6.8 

Cathode Vaporizer 

3-3 

3.6 

Neutralizer Vaporizer 

3-3 

3.6 

Cathode Tip Heater 
(Hot) 

3-0 

3.3 

Neutralizer Tip Heater 
(Hot) 

3.0 

3.3 

Isolator Heater 

2.2 

2.5 





Magnetic Baffle 


0.2 


0.5 
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CALIBRATION OF FLOW TUBES FOR MEASUREMENT OF 


THRUSTER MERCURY PROPELLANT FLOW RATES 

\ 


1.0 BACKGROUND 

The determination of ion thruster efficiency and evaluation of performance re- 
quires accurate, determi nation of neutral mercury propellant flowrate to deter- 
mine propellant (mass) utilization efficiency. Unlike the electrical operating 
parameters, the measurement of Hg flow is not a straightforward one. The tech- 
nique most commonly used is to measure the volume of Hg used per unit time. 

This can then be converted to mass per unit time and, with the assumption of 
a single charge per atom, to couloumbs per unit time or equivalent amperes. The 
ratio of the measured electrical beam current to the equivalent amperes of Hg flow, 
is the propellant or mass utilization efficiency. 

The conversion from volume to charge is given by the equation: 


Q 

V 


H x (3 x 
M ° 


Hg 


N « Avogadro's number = 6.022169 x 10^ 3 atoms/mole 
M - AMU of Hg = 200.61 gm/mole 
Qq = Charge of Ion = 1.6021917 x 10^ couloumb 
^ = Density of Hg = 13. 5^6 gm/cc @ 20°C 


Thus : 


- 6.5151723 x 10 3 coul/cc 

Note that the density of Hg varies approx. .02%/°C 
and hence small thermal variations about ambient 
do not affect the calculation. 

The conversion of time rate of change of volume to equivalent Amps is given by: 

, (££ ) 

J (Eq - Amps) = 6.515172 x 103 x (Sec) 

( CC ) 

«= 108.5862 x (Min.) 

(CC ) 

■* « 1 .80977 x (hTT) 
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2. 


The usual method of determining the time rate of change of volume is to measure 
the difference in height in a glass reservoir per unit time. In order to en- 
hance resolution, tubes having diameters of .01*0" to .120" are used depending 
on the expected flowrates. If the glass reservoir is cal i brated in ' CC or ml, 
then the conversion factors above can be applied directly. If the glass res- 
ervoir is calibrated in cm, then the bore diameter must be known. The following 
table shows the conversion factor for commonly used diameters bore tubes. 

/Eft. -AMP ) 

d (MILS) CAL. FACTOR VCM/M I N.J 


19.68 

( J> mm) 

0.2132 

20.00 


0.2201 

39.00 


0.8369 

39.37 

(1mm) 

0.8528 

40.00 


0.8803 

78.00 


3.31*75 

78. Ik 

(2mm) 

3-1*113 

79.00 


3.1*339 

80.00 


3-5211* 

98.1*2 

(2 . 5mm) 

5.3302 

118.11 

(3mm) 

7.6755 

120.00 


7.9231 


In some instances it may be desired to confirm the bore diameters of a known 
tube or measure the bore diameter of an unknown tube. Several techniques are 
available. One is the use of precision pins which can be slipped into the bore. 
This technique can determine the diameter to the nearest .0001 inch. However, 
eccentricity over the tube length may not be confirmed by this technique. The 
calibration technique in this procedure consists of filling with Hg, draining, 
and weighing to determine the volume. Effective bore diameter can then be 
calculated and it does not depend on bore roundness or straightness. As a 
practical matter, past calibrations of many glass tubes have shown that these 
tubes are usually within several tenths of a mi l of the manufacturer's quoted 
diameter. 

tt should be noted that the accurate determinations of the calibration constant 
Is only one factor in the accurate detrmination of the thruster flowrates. 
Principles of the fill procedure that follows are also applicable to filling 
thruster test systems when accurate flow measurements are desired 
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2.0 SCOPE 

This paper defines a methode for calibrating mercury flow tubes by a fill, 
drain and weigh technique. Factors other than calibration of Hg flow tubes, 
which affect the accuracy of thruster flowrate measurement, are beyond the 
scope of this document. This method was derived for use with the apparatus des- 
cribed in 3.0. However, the general approach is valid for all types of calibra- 
tion and feed systems. 


3.0 DESCRIPTION OF CALIBRATION APPARATUS 

The test setup for performing calibrations is shown in the following figure. 
To TtuP oP 
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Most of the tubing used is 1/3 inch diameter stainless steel tubing. The 
number of valves and fittings used should be minimized so that trapped gas 
and voids in the filled system can be minimized. Voids in the system lead 
to erroneous results due to compressibility effects as head height changes 
or due to surface tension effects as varying intrusion into void volumes. 

"Zero displacement" or stop-cock type valves are recommended. Circleseal 
series 9500 miniature plug shutoff valves have been used successfully. The 
drain valve should be mounted backwards to the indicated flow direction so 
that the plug of mercury stays in the movable part of the valve during on-off 
operations. 

A vacuum pump capable of achieving 10 micron or better vacuums is needed. 

A pressure source for pressurizing the flow tube up to 12 psig is needed. 

A weighing system with 0.001 gram accuracy and resoluation is needed. 


4.0 FLOW TUBE FILL PROCEDURE 

1) Install flow tube in 1/4" swagelok, close drain valve. 

2) If line between reservoir valve and fill valve is not filled satisfactorily, 
close reservoir valve and open fill valve to drain line. 

If line is filled solid to fill valve, leave fill valve closed and check 
to confirm reservoir valve open. 

3) Connect pumping station to top of flow tube> pump to better than 10 micron 
vacuum. (Diffusion pump pressures are preferred.) 

4) If fill valve is open, close fill valve and open reservoir valve to fill 
line. If fill valve is closed, continue. 

5) Open. fill valve slowly unitl flow is felt in line. Hg should move into 
glass portion of tube smoothly without bubbling. 

6) Fill to high-1 evel of tube. Record level 

5.0 FLOW TUBE CALIBRATION PROCEDURE 

1) Record Level at vacuum 

2) Vent to ATM, record level 

3) Pressurize to 10 psig, record level 

4) Cycle all valves until cycling does not cause 
change in Hg level 

5) Vent to ATM, record level 

6) Re-pressuri ze to 10 psig, record level. Compression 
should be less than .025 cm 
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6) If compression is acceptable continue, otherwise 
drain and re-f i 11. 


Record level. 

a. 

CM 

Weigh empty bottle, record. 

b. 

GM 

Drain about 1/3 of tube - record level. 

c. 

CM 

Weigh bottle, record. 

d. 

GM 

Drain another 1/3 of tube - record level. 

e. 

CM 

Weigh bottle, record. 

f. 

GM 

Drain remainder of tube - record level. 

g- 

CM 

Weigh bottle, record. 

h. 

GM 


7) Calculate the mass drained per centimeter height 
change on each of the three increments and also on 
the overall height change. 

d-b f-d h-f h-b 

Aj = a-c ; A 2 = c-e ; *= e-g ; = a-g 


A, - 

gm/cm 

a 2 = 

gm/cm 

Ao = 

gm/cm 

V - 

gm/cm 


All the values calculated should be the same within experimental accuracy. It should 
be considerably better than one percent. If the data is not reasonable, repeat the 
procedure . 

8) If needed, calculate the tube diameter. 


d 


h£tr 

TTp T 


at 20°C 

4 — J S.bO&j , mm 

ol ~ J 1 . 457Ay ' x 10 2 , mils 

Correlate this diameter with pin-measured diameter or with tubing puchase 
speci f ication. 
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TO: Record 

FROM: 6122/Manager, Solar Electric Propulsion Office 

SUBJECT: Statistical Analysis of 30cm Thruster Steady State Propellant 

Flow Rate Data 

REF: Report on Flow Tube Variation During Warm-up/Startup by C. E. Siegert 


Thruster testing in the technology readiness program is designed to document 
performance of several thrusters. Certain data is obtained on each thruster 
so that thruster-to-thruster variations can be determined. It is necessary 
to separate data scatter from real thruster-to-thruster variations. This 
analysis was performed to determine how much data scatter exists in flow data 
being taken by the usual method. 


Flow Rate Determination 


Flow rates are usually determined by measuring the rate of flow tube height 
change. Typically, at least six data points are taken with time intervals of 
5 to 10 minutes when the thruster is operating steady state. The reading time 
of the main flow tube is accurately timed by countdown. Cathode and neutralizer 
tubes are read in consistent rhythm after each main reading. 

Flow tubes normally used have inside diameters of 2mm for the main vaporizer and 
1mm for the cathode and neutralizer. The tubes have millimeter graduations. 
Readings are estimated to 0.1mm. 

Flow rates are calculated from flow tube data by one of two methods. One method 
is to determine the height change in each interval and multiply the average 
height change per interval by a constant to determine flow rate for each vapor- 
izer. Another method is to perform a straight line, least square fit of the 
flow tube height verses time data. The slope of the line is determined and 
multiplied by a constant to determine the three flow rates. Conversion factors 
are then used to convert flow rates to "equivalent amperes" units. Flows for 
the three vaporizers are then summed and compared to the actual beam current to 
determine efficiency. 


Data Discussion 

The data base for this analysis was developed during a test on April 21-21*, 1980 
to measure flow tube variations during thruster startup. The test was conducted 
by Su Gooder, Cliff Siegert and myself at Port W-1 of Tank 6 EPL. The referenced 
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memo will summarize the results of that test. Data used in this analysis had 
been taken after the thrusters had reached thermal equilibrium after over 
night, steady state runs. Thrusters J-1 and 702 were mounted side by side in 
"Bimod" configuration. Once a thruster was started, it was left to run over- 
night. In the morning, flow data was taken. Five sets of data exist in 
which 10-minute flow readings were taken for 1 hour when the thrusters were 
known to be at equilibrium. Tables attached summarize that data for the 
following cases: 

Table Thruster Beam Current 


1 

J-1 

.739 

a 

Thruster 702 

was off 

2 

J-1 

• 739 

a 

. simultaneous 

data 

3 

702 

.739 

a 

f 


4 

J-1 

2.009 

a 

Simultaneous 

data 

5 

702 

1.958 

a j 




CAUT I ON : Do not use the absolute efficiency values contained in this memo. 

The feed system of thruster J-1 contained too much air to produce good 
efficiency data. Thruster 702 magnetic baffle current was not set at the 
optimum value. 


This analysis was undertaken to quantify the scatter that exists in the data. 

If one assumes that the data represents independent measurements of a constant 
process, standard deviations for data sets can be calculated and compared. 

The flow rate measurement data sets do not precisely fit that criteria. The 
data points are not Independent since the end time of one interval is also 
the start time for the next interval. An error in one measurement will affect 
two readings. If a single large measurement error is made, relatively large 
and small height change values will be adjacent. For the 90 height changes in 
this data set, the maximum and minimum heights were adjacent only five times. 

It was decided that the standard deviation could be calculated and used as an 
indicator of variations of the data sets. 

An explanation of the entries in Tables 1 through 5 follows. The flow tube 
height changes for each of the three vaporizers are shown for each interval. The 
calibration constant for converting to equivalent milliamperes is listed for 
each tube. Using those calibration factors, utilization efficiencies are 
calculated for each of the six time intervals. 

The entry labeled lOpsi compression has direct bearing on the accuracy and 
repeatability of measurements. The flow system is pressurized to 1 0ps i above 
atmospheric and the flow tube height changes are recorded. The value is indicative 
of the trapped air or gas in the system. As flow readings are taken, the pressure 
on the "bubble" drops as the head height reduces. The bubble then is continuously 
expanding and subtracting from the fall of the mercury column. Hence "too-low" 
flows are measured. Tables 1 and 3 show that J-1 had a "poor" fill and 702 had 
a "good" fill. One of the results of this test is to compare and document results 
from the two types of fill. 
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The statistical data in Tables 1 through 5 ; namely, mean, range, variation, 
standard deviation and 3(T apply to the six point data set above in each column. 
The slope and correlation coefficients also apply to the column above. The 
efficiency calculation in the lower right results from calculating efficiency 
from the individual flows determined by the slope method. 


Observations and Conclusions 


The following observations and conclusions resulted from this analysis. 

1. Table 6 shows that efficiency readings had less variation in the 702 thruster 
with the "hard fill" than in the J-1 thruster with the "soft" fill. Even 
the best hard filled system showed efficiency varied over a range of 0.8 

to 1.5 percent. Three-sigma deviation would be expected to be VI. 0 to +1.7 
percent for quarter power to full power operation. Precise flow readings 
require a "hard filled" system. It may be possible to calculate out the 
compressibility effects in a "soft-filled" system but that is a complicating 
factor and such techniques have not been developed. 

It should be pointed out that the data variation noted applies to 10-minute 
readings. When six such readings are averaged, the accuracy of the efficiency 
calculated from that mean would be better - perhaps six times better. As 
stated previously, the 10 minute data points are not really uncoupled since 
the end point of one interval is the start point for the next interval. The 
absolute value of the time and height reading errors are the same for a one 
hour reading as for each of the 10 minute intervals. The accuracy of that 
one hour reading (or the average of six 10 minute readings in this case) 
would be much more accurate and less variable than the values shown in 
Table 6 for 10 minute readings. 

2. In Table 7 the data for the 15 flows is arranged in order of increasing 
standard deviation. The measurement range followed the same order. Most of 
the "hard" compression feed systems appear near the top of the list and 
"soft" compression systems appear near the bottom. 

3 - Table 8 shows that the "average delta" method and the "slope" method of 

calculation produce the same result. The small variations are probably due 
to roundoff in making calculations. The correlation coefficient test of the 
slope method is more difficult to interpret than the standard deviation test 
that arises from the "delta" approach. 

A. Review of Tables 1 through 5 shows that cathode and neutralizer indicated 
flow rates had a large percentage variation. Ten minute timing intervals 
are not long enough to obtain definitive cathode and neutralizer data. In 
general, the longest practical interval time periods will produce more 
accurate data. Another modification to produce more accurate flow data in 
a shorter time would be to use smaller bore tubes. Height changes would be 
larger and reading errors would be a smaller fraction of the total. 

5- If test objectives permit, more accurate total flow data would be obtained 
by taking all mercury flow from a single tube, the three flow terms would 
be added in the flow tube and two of the three flow error terms would 
van ? sh . 
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6. During the test a definite "stick-slip" tendency of mercury on the glass 
tube walls was noted. This adds to reading variation - especially in 
low-flow tubes and short time intervals. The tubes should be cleaned. A 
small amount of distilled water should cover the mercury in the tube to 
prevent oxidation of mercury that sticks to the tube walls. This technique 
was used i n SERT i I . 

7. It is very difficult to estimate heights in the flow tube to one tenth of 
the smallest division. 

Accuracy may be improved by using height as the independent variable and 
time as dependent variable. Instead of taking 10 minute readings, 6 centi- 
meter readings should be tried. The mercury height could be more accurately 
determined at centimeter marks on the tube. Time measurement in seconds 
would provide very good resolution in time intervals of about 600 seconds. 



J. F. DePauw 


cc: 

61 20/ESB File 
6122/J. DePauw 
6122/R. Bechtel 
6122/J. Maloy 
6122/R. Zavesky 
6121/D. Byers 
6121/V. Rawlin 
6151/S. Gooder 
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TABLE 6. - REPEATIBI LITY OF EFFICIENCY MEASUREMENTS 


Beam 

Thruster Current 


Efficiency 

Range 


Std 

Deviat Ion 


J-1 

,739 

J-1 

.739 

702 

.739 

J-1 

2.009 

702 

1.958 


3.13 

1,25 

2.98 

1,03 

1.50 

0.58 

2.4 

0.80 

0.8 

0,31 
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TABLE 7. - DATA POINTS ARRANGED IN ORDER BY STANDARD DEVIATION 


Standard 


Range 

(percent 


Beam 



Deviation 

Range 

of mean) 

Thruster 

Current 

Vaporizer 

Compress i on 

.021 


1.0 

702 

1958 

Ma i n 

0.05 

.023 

.06 

4.5 

J-1 

2009 

Cath 

0.72 

.024 

.06 

2.9 

J-1 

739 

Maio 

2.08 

.024 

.07 


702 

739 

Ma i n 

0.05 

.024 

.06 

7-6 

702 

739 

Neut 

0.00 

.025 

.06 

8.1 

702 

1958 

Cath 

0.05 

.028 

.08 

3.88 

702 

739 

Cath 

0.05 

.028 

.08 

14.5 

702 

1958 

Neut 

0.00 

.0285 

.08 

3.86 

J-1 

739 

Main 

2.08 

.029 

.08 

24.0 

J-1 

2009 

Neut 

2.99 

.032 

• 09 

20.9 

J-1 

739 

Neut 

2.99 

.044 

.11 

7.6 

J-1 

739 

Cath 

0.72 

.045 

.13 

2.4 

J-1 

2009 

Main 

2.08 

.047 

.14 

36.2 

J-1 

739 

Neut 

2.99 

.048 

• 13 

9.29 

J-1 

739 

Cath 

0.72 
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TABLE 8. - COMPARISON OF AVERAGE DELTA vs SLOPE METHOD OF CALCULATION 


Beam Efficiency 


Thruster 

Current 

Average Delta 

Slope 

J -1 

,739 

85.2 

85.3 

J-1 

.739 

84,5 

84,7 

702 

.739 

76.2 

76.3 

J-1 

1.958 

101 .2 

101,25 

702 

2.009 

90.8 

90.8 
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TO: 6122/J. F. DePauw 

FROM: 6122/C. E. Siegert 

SUBJECT: Report on Flow Tube Variation During Warm-Up/Start-Up 

REF: Flow Tube Variation During Warm-Up/Start-Up (Test Procedure) 

TRIM 105 


OBJECTIVES 

The purpose of this test was to accomplish the following: 

(1) determine the length of time required for the thruster to reach 
stability so that accurate flow data can be taken. 

(2) determine if flow rate changes when second thruster is operated. 
INTRODUCTION 


This test was performed using thruster J-1 with FM-3 power processor and 
thruster 70-2 with FM-2 power processor in 10 foot port of tank 6 in EPL. 
The thrusters were located in the center section of the 10 foot port and 
the power processors were mounted to heat pipes and located outside the 
10 foot port. 

A mercury feed system located outside the 10 foot port had individual 
feed lines to the main vaporizer, cathode vaporizer and neutralizer 
vaporizer of each thruster. Each feed line had a precision bore tube 
as the measuring instrument and a set of valves. The precision bore 
tubes were filled with mercury from a reservoir and then isolated from 
the reservoir. The mercury used by the thruster was supplied from the 
precision bore tubes. 

Each tube had been calibrated prior to installation into the feed system. 
The following table shows the calibration constants for each precision 
bore tube. (When the calibration constant is multiplied by the number 
of millimeters of mercury that flowed in one minute the result is equal 
to equivalent mi 1 1 iamps of flow.) 
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J-1 main Vaporizer 346.4 ma- mi n 

mm 

J-1 cathode Vaporizer 83.97 ma- min 

mm 

J-1 neutralizer vaporizer 84.09 ma- min 

mm 

702 main vaporizer 347-5 ma- min 

mm 

702 cathode vaporizer 84.14 ma- min 

mm 

702 neutralizer vaporizer 84.18 ma- min 

mm 

For this test a compression test was performed on the mercury feed system 
for J-1 and 702 thrusters. The mercury height is noted in each precision 
bore tube. 10 psi is applied and the height is noted. If there is a change 
in height there is an indication that the feed line contains trapped gas. 
This trapped gas will cause inaccurate flow measurements. The results of 
the compression test were as follows: 


702 

neutral izer 

0.00 


702, 

cathode 

0.05 

cm 

702 

main 

0.05 

cm 

J-1 

neutral izer 

2-99 

cm 

J-1 

cathode 

0.72 

cm 

J-1 

main 

2.08 

cm 


The 702 compression was acceptable an<^ J-1 as unacceptable for accurate flow 
measurements. Since the purpose of this test was not to obtain accurate 
flow data the system was used as it was. For that reason the data should 
not be used for absolute level of performance . 

TEST DATA 


The test data will be presented by discussing the series of figures attached. 
Complete raw data from the test is attached. 


126 . 



3 


Figure 1 

Figure 1 shows the sequence of events that occurred during this testing. 

On April 21, 1980 the thruster J-l was started and flow and temperature 
data were recorded during startup. The thruster J-l was operated over- 
night at a 0.75 amp beam to ensure that thermal equilibrium had been 
achieved. Then transient flow and temperature data was taken when the 
thruster was throttled from 0.75 amp beam to a 1.0 am beam. After four 
hours of operation at 1.0 amp the thruster J-1 was throttled to 0.75 amp 
beam current. Two hours later the thruster 702 was started. 

Both thrusters were operated at 0.75 amp beam overnight. On April 23 
data was taken on both thrusters while they were operating at the 0.75 amp 
beam current. The two thrusters were then throttled to the 2.0 amp 
beam current. Data was not taken until the thrusters had operated at the 
2.0 amp beam current for 3 hours. The thrusters were then operated over- 
night at the 2.0 amp set point and data on both thrusters was taken on the 
morning of April 2b, 1980 . The test was then terminated by commanded 
shutdown of the thrusters. 

Figure 2 

Figure 2 represents a plot of the height of mercury in main, cathode, and 
neutralizer flow tubes during the warmup and startup of the thrusters J-1 and 
702 and also the temperature of the vaporizers. The height of the 
mercury increases as the thruster starts to warmup due to the expansion of 
the mercury in the vaporizer and feed system. Then as the vaporizer temp- 
erature increases more the height starts to decrease as the mercury is 
heated enough to cause flow. Note that mercury flow exists in the 
vaporizers prior to "Beam On". 

Figure 3 

Figure 3 represents a plot of the flow of the three vaporizers in milliamps, 
a temperature plot of the J-1 manifold, total flow in milliamps, and 
thruster efficiency. The manifold temperature was taken by a thermocouple 
on the propellant manifold which is mounted oh the rear of the thruster. 

On the left side of the figure is the transient startup data taken on 
April 21, 1980. On the right side of the figure is the data after the 
thruster had operated overnight. Note that the efficiency and total flow 
of the thruster at about 13:00 on April 21 is about the same as the data 
taken the next morning. However, the contribution by the main on the 21st 
is more than the one on the 22nd. The cathode contribution is less on the 
21st than it was on the 22nd. Based on this set of data it could be con- 
cluded that the efficiency and total flow has stabilized about one hour 
after the manifold temperature has reached equilibrium; however, the flow 
distribution between the main vaporizer and cathode vaporizer has not 
reached their final values. 


127 



4 


Figure 4 

Figure 4 represents the mercury flow as the thruster was throttled from 
0.739 amp to 0.995 amp. Based on this data the total flow and efficiency 
at about 11:30 have stabilized to their final value, however, the 
percentage of contribution by the main and cathode have not reached 
steady state. The sudden shift in main flow rate at 11:00 has been 
attributed to refilling the feed tubes and gas being trapped in the lines. 

Figure 5 


Figure 5 represents the flow and efficiency data for both thrusters 
operating at a 0.75 amp beam current (0.739 actual). The operating point 
for thruster 702 had not been optimized, therefore, the efficiency is 
lower than thruster J-1 . The purpose of this figure is to show that 
there exists variation in flow rate measurements of the thruster J-1 flow 
rates which did not have an acceptable feed system fill arfd ' thruster 702 
flow rates which did have an acceptable feed system fill. It appears that 
at this power level (0.75 amp beam current) variation experienced in the 
measurement of flows was independent of the type of fill the feed system 
had. At the 2.0 amp level, the efficiency variations of thruster 702 
(with a good fill) were significantly less than those of thruster J-1 (with 
a poor fill). 

Figure 6 

Figure 6 is a comparison of the flow data taken on J-1 when it was operating 

alone and when thruster 702 was operating. As can be seen the magnitude of 

the flow rates and the variations for a given measurement were the same for 
both operating conditions. It can be concluded that the flow rates of a 
thruster are not affected by a second thruster operating. 

Figure 7 _ 

Figure 7 is the data plotted for thruster 702 starting about 3 hours after it 
had been throttled from 0.73? to 1.995 amp beam current. The data shows that 
there is slightly over a 1% variation in the main flow rate on April 23, and 

there is still about a 1% variation on April 24. 

Data Variations 


The efficiency data di-scussed above shoed more scatter than expected. In case 
of the J-1 thruster, apparently the gas in the feed system is a major con- 
tributor. However, it was also noted in the test that the mercury meniscus 
in the feed tube did not drop uniformly. The meniscus changed shape and 
seemed to stick at certain places. Stick-slip tendency at one place in a tube 
was repeated several times when the flow tube was repeatedly refilled to 
cause flow past the same area. The following data was taken to illustrate the 
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pbint. Time was marked when the column of mercury passed millimeter 
marks on the flow tube. Time variations show that the height change was 
not uni form. 


The following table shows the time for the mercury level to move one 
millimeter. The data is for the main vaporizer feed tube for J-1 . The 
two columns are readings by different people on April 23, 1980. 


Time 

Difference 

Time 

Di fference 

08:16:47 




17:16 

29 

08:23:44 


17:47 

31 

24:10 

26 

18:10 

23 

24:34 

24 

18:47 

37 

25:05 

31 

19:19 

32 

25:33 

28 

19:45 

26 

26:04 

»-•- 31 

20:13 

28 

26:35 

31 

29:38 

25 

27:02 

27 

21 :02 

34 

27:32 

30 

21:40 

28 

27:51 

19 

22:17 

37 

28:20 

29 

22:42 

25 

28:49 

29 

23:04 

22 



This stick-slip 

tendency was attributed 

to unclean flow 

tubes. 


RESULTS AND CONCLUSION 


(1 ) For the test configuration in EPL a stable total flow measurement of 
a thruster is possible one hour after manifold temperature reaches 
equilibrium or four hours after startup, however, the absolute value 
of the main and cathode take longer, possibly 8 hours'. - 

(2) An unacceptable fill of the mercury system caused inaccurate flow 
data regardless of how long the thruster operates at a given set 
point. When calculation of efficiencies for J-1 at 2.0 amp beam 
current are madejthe efficiencies were 100%. 

(3) A variation of flow rates was obtained for the J-1 and 702 thrusters. 
This variation cannot be attributed only to the acceptability or un- 
acceptability of the "fill" of the system. During the test it was 
noted that the mercury did not flow evenly in the tubes. The meniscus 
of the mercury did not maintain its shape. The uneven flow and 
meniscus are attributed to "unclean"gl assware. (During post test tube 
cleaning, the tubes were examined under a microscope. The bore of 

the precision tubes was found to be rough and to contain some tiny pits 



The bore is not as glossy-smooth as the outside of the glass, 
volume of this roughness and the pits is inconsequential but 
account for the stick-slip tendency) 
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APPENDIX C 

ACCEPTANCE TEST DATA 




APPENDIX C 


ACCEPTANCE TEST DATA 


This appendix defines the symbols and equations used in this 
report for describing the thruster characteristics and reducing 
data. Tables and curves presenting the more important data from 
the acceptance tests of the retrofit thrusters is included also. 


1 . Symbols, Definitions and Equations 

The symbols for the thruster parameters which follow 
are related to the power supplies and test circuit 
as shown in Figure Cl. 

Ck) DIRECTLY MEASURED P ARAMETERS 

SUPPLY 


SYMBOL 

I DF.Ii T t F 1 CAT ION 

DESCRIPTION 

V KV 

V 1 

Main Vaporizer Voltage 

v cv 

V 2 

Cathode Vaporizer Voltage 

V Crf 

V- 

0 

Cathode Heater Voltage 

V IH 

V 4 

Isolator Heater Voltage 

V NH 

V 5 

Neutralizer Heater Voltage 

V N V 

V, 

0 

Neutralizer Vaporizer Voltage 

V NK 

V 7 

Neutralizer Keeper Voltage 

v 

w. 

*8 

Cathode Keeper Voltage 

V D 

V 9 

Discharge Chamber Voltage 

V AS 

V 10 

Accelerator Supply Voltage 

''Accel 


Accelerator Potential 

v s ■ 

V 

’ 1 1 

Screen Supply Voltage 

V. 

0 


Beam (Net Accelerating) Potent 

'iY6 

; t 

i L 

Magnetic Baffle Voltage 


V, 


■J 


Neutralizer to Ground Coupling Voltag 


V 


T 


Total Accelerating Voltage 
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SYMBOL 


SUPPLY 

I DEMI FI CATION 


DESCRIPTION 



J CH 




J 

J 

J 

J 

J 

J 

J 


NV 

MK 

CK 

E 

D 

Accel 


3 





Main Vaporizer Current 

Cathode V. porizer Current 

Cathode Heater Current 

Isolator Heater Current 

Neutralizer Heater Current 

Neutralizer Vaporizer Current 

Neutralizer Keeper Current 

Cathode Keeper Current 

Cathode Emission Current 

Discharge (Anode) Current 

Accelerator Orain or Impingement Current 

Screen Current 

Beam Current 

Magnetic Baffle Current 

Neutralizer to Ground Clamp Current 



Main Vaporizer Temperature 
Cathode Vaporizer Temperature 
Neutralizer Vaporizer Temperature 
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b, '/AL OES L ; B i i fit I) i rX'''l la-j rr.OBc . 

ci Thrust reduction factor due to doubly charged ions 

F t Thrust reduction factor due to non-axial ion 

trajectories 

.f 

Singly charged ion beam current 
J^ ++ Doubly charged ion beam current 

c. DIRECTLY MEASURED PROPELLANT r LC'.c' RATES 


“to 

m CV 


"MV 


Main Propellant Flow Rate 
Cathode Propellant Flow Rate 
Neutralizer Propellant Flow Rate 


A RELATIONS BETWEEN DIRECTLY MEASURED PARAMETERS 

V b = V S + V D • I V gI • V 

V Accsl = V AS~ I V gI ’ V 
V T * V b + y Accel ’ V 


" J S = J b + d Accel * A 

J 0 = J E + J b » A 

J h = J h + > 0 h +T , A 
o b b 
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( e, CALCULATED POWERS 


P^ M Beam Power = 

V b J b • W 

P D Discharge Power = 

V D J E ' W 

P fJ 3 Neutralizer Power = 

V HK J NK + V G J b * w 

Py = Vaporizer Power = 

v MV °MV v CV U CV NV 

P t = Total Input Power \ = 

1V P D 4 P N * P V 


+ < V S * ' V Asl> 'Wl 


+ V CK J CK * V MB J HB] ' H 


OTHER PERFORMANCE CALCULATIONS 
Y = Total Thrust Reduction Factor = csF^ 

3 = Discharge Chamber Utilization =[J- (1 + - v ^~] 

Corrector Factor r-r c 6 


IT. 


= Total Propellant Flow Rate = m^y + m^y + m fj y A eq. 

J, 

-2 X 100, % 


n mD (unc)= Uncorrected Discharge 


Propellant Utilization = • 


•‘MV '"CV 

n D - Corrected Discharge 

Propellant Utilization = 0 (unc) , % 

n - Uncorrected Total J, ^ 

‘(Unc) Propellant Utilization = X 100, % 


= Electrical Efficiency = 


J K V h 
D 0 


X 100), 15 


SP 


Corrected local 
Thruster Efficiency = Y 


v2 n e n m(Un; 

1TT0 — 


= Corrected Thrust 3 2.0351 y -y/v, , mN 


3 l.C 


orrccted Specific impulse - 100.03 Y — \/\ > sec * 
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2. Thruster Performance Data and Characteristics 


The data contained in the following pages is organized by 
thruster and is comprised of the following: 

• Acceptance Test Data/Performance Summary 

• Magnetic Baffle Current Characterization 
and Reference Selection 

• Neutralizer Characteristics and Reference 
Selection 

• Ion Optics Characteristics (Perveance) 
and Minimum Extraction Voltage 

t Minimum Discharge Loss Characteristic 
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APPENDIX D 


The thrust produced by an ion thruster is typically calculated from the mea- 
sured ion beam current, J^, and voltage, V^, using the expression 


F = J, - 
c be 


2m 


1/2 


( 1 ) 


where m and e are the charge and mass of the beam ions, respectively. The measured 
ion beam current contains contributions from doubly charged ions, but not all ion 
trajectories are paraxial. Consequently, the calculated thrust, F c , has to be 
modified to account for these so-called thrust losses. The technique employed by 
Hughes makes use of a collimating mass spectrometer to measure the distribution of 
singly and doubly charged ions as functions of angle with respect to the thruster 
axis. This enables computation of the correction factors, a and F t , used to 
correct the measured beam current for contributions of doubly charged ions and 
non-axial velocity components. Hence, 

F = aF. F , 
t c 

where F is the true thrust computed from the calculated thrust. The accuracy of 
determining a, F t , and F c depends on both experimental and computational error 
that is inherent in the measurement technique. An investigation has been per- 
formed recently under NASA contract NAS 3-21943 to assess, quantitatively, the 
magnitude of the inherent error. This appendix summarizes this analysis and its 
results (a more detailed description will be found in the final report for con- 
tract NAS 3-21943). 


A. EXPERIMENTAL PROCEDURE 

Determination of the thrust-loss factors, a and F t , requires a probing 
technique that can determine the singly and multiply charged ion beam current- 
density vectors as a function of the polar coordinates, r and 9, defined in 
Figure D— 1. Assumption of symmetry about the thruster axis simplifies the meas- 
urement by eliminating the variable, 9, and the problem is reduced to that of 
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Figure D-l. Definition of polar coordinate system 
in relation to the thruster axis. 

determining the current-density corresponding to each ionic species as a 
functionial coordinate r. This measurement is accomplished through the use of an 
articulating probe that can view a small region of the accelerator system from 
different angles, <J>p, and separate the total current leaving this region 
according to charge. This yields the currents, i n (r, <J>p) , where the index n 
is used to denote the charge state. Integration of these currents over the angle, 

■f 

$p, gives the current-density vector, j(r), and the angle, 4>, that this 
vector makes with respect to the thruster axis; Figure D-2 illustrates the 
geometry. A complete description of the technique used to determine the currents, 
i n (r, tp) > is presented below. 
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Figure D-2. Illustration of geometric variables for 
current density at the accelerator grid. 

1 . Velocity-Analyzer Probe 

Separation of the total current emanating from the active region of the 
accelerator system into the current components, i n (r, 4> p ) » is accomplished 
using a series-arrangement of a collimator and velocity filter. The collimator 
restricts the viewing area and transmits a highly collimated beam to the velocity 
filter. The transmission of the collimator is illustrated in Figure D-3, which 
shows the response of the collimator to a parallel beam inclined at an angle, <f> 0 . 
The transmission is unity when the collimator is aligned with the beam ( 4> p “ 

<J> 0 ) , and drops rapidly to zero for angles ±ij> at about <{> 0 . The angle, i)>, is 
the acceptance half-angle, which is small enough ( < 0.3°) to enable the probe 
response at any angle, <j>p, to be interpreted as the response due to particles 
which leave the viewing area and follow straight-line trajectories inclined at an 
angle, <f>p, with respect to the thruster axis. The velocity filter is composed 
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Figure D-3. Angular response of the collimator. 

of orthogonal electric and magnetic fields (E and B, as shown in 
Figure D-4) and transmits only those particles having velocity equal in magnitude 
to E/B. All other particles are "filtered out" by an imbalance in the electric 
and magnetic forces which deflects the particle trajectories into the upper or 
lower electric-field plates, depending upon whether the particle speed is greater- 
than or less-than the ratio, E/B. The series arrangement of the collimator and 
velocity filter results in a probe whose output is restricted to those particles 
having velocity vectors with magnitude, E/B, and direction in the range, <p p - rp 
< <p < <p p + ip. 

A schematic of the velocity-analyzer, or ExB probe, developed by Hughes for 
performing the measurements of i n (r, <f> p ) is presented in Figure D-5. The 
probe assembly consists of a collimator, drift tube, separation aperture, and 
current collector. The collimator apertures have a diameter of 0.25 mm, resulting 
in a viewing half-angle of ^ = 0.29°. With this geometry, and with the probe 
positioned 38 cm downstream of the accelerator grid, the viewing area is 0.13 cm 2 , 
or about three accelerator apertures for the J-series-thruster electrode design. 
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Figure D-4. Configuration of velocity filter for separating singly and 
and doubly charged ions. 


11268-5 


ENTERING 

IONS 



Figure D-5. Configuration of collimating ExB probe. 

The separator provides orthogonal electric and magnetic fields E and B, which 
prevent all ions from reaching the collector except those having velocities of 
magnitude E/B. The magnetic field is provided by a permanent magnet, while the 
electric field is provided by the potential applied to parallel plates. Varying 
the plate potential changes the ratio, E/B, allowing ions of different velocities 
to traverse the separator undeflected and reach the collector. Figure D-6 pres- 
ents a typical variation of collector current with plate voltage and demonstrates 
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Figure D-6. Example of current output of probe as function of 
deflection plate voltage (probe measuring in 
thruster beam) . 
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the ability of the probe to resolve the peaks associated with singly and doubly 
charged ions.* The nearly rectangular shape of the peaks enables the height 
to be used as an indication of the total current of each species, which simplifies 
the data acquisition and analysis requirements. The dimensions of the collimator 
result in a viewing area that is small, but still large enough to provide a 
readily measurable current (»10 -9 A). The drift-tube length and collector 
aperture diameter ensure collection of the entire collimated and undeflected beam 
of the ion species of interest. The collector aperture is biased 45 V negative of 
the probe assembly to repel beam electrons and to return secondary electrons to 
the collector. 

2. Test Facility 

A sketch of the probe setup used in the Hughes 9 ft diameter vacuum chamber 
is presented in Figure D-7 . The probe is moved vertically in or out of the thrust 
beam using a precision stepping motor located on the top of the vacuum chamber to 
vary the coordinate, r. The pitch angle, <j> p , is controlled using a precision 
stepping motor located inside the chamber. A precision potentiometer and digital 
readout provide a visual display of the probe pitch angle. The probe yaw angle, 51, 
can be adjusted to position the probe axis parallel to the thruster axis. The 
vacuum feedthrough is located off-center in the flange shown in Figure D-7 so that 
the lateral position of the probe can be adjusted, enabling the vertical axis of 
the probe to be positioned on the thruster axis. The only maintenance requirement 
of the probe system is an occasional replacement of the collimator aperture, which 
eventually disintegrates as a result of on sputtering. The loss of the 
collimating aperture is detected by the operator in the form of an increase in 
collector current and the inability to resolve the peaks corresponding to the 
various ion species. 




The probe can also resolve the peak associated with triply charged ions. 
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Figure D-7 . Coordinates (r, <J>p • for defining probe position with 

respect to the thruster (as located in the test facility. 

3 . Thruster Alignment 

The probe-to-thruster alignment is accomplished by aligning both the thruster 
and the probe with the tank axis. This approach minimizes setup time since the 
probe-to-tank alignment is required only after removal and reinstallation of the 
probe. The thruster-to-tank alignment is accomplished by aligning the thruster 
with respect to the axis of the vacuum enclosure flange, as shown in Figure D-8. 
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VACUUM ENCLOSURE FLANGE 



Figure D-8. Illustration of procedure used for aligning thruster with the 
the vacuum chamber axis. 

The thruster support and vacuum enclosure flange position the thruster with 
respect to the tank axis, and the angular alignment is accomplished using the 
dial indicator to locate the edge of the accelerator grid at 90° intervals. In 
order to ensure that the angle between the thruster and flange axis is less than 
1°, the difference between the readings obtained 180° apart must not exceed 0.5 
cm. If the difference is greater, the mounting fasteners are loosened and the 
thruster is shifted to obtain the necessary tolerance. 
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4. 


Data Acquisition ' 


The probe-positioning and data-acquisition system is semi-automated, 
requiring the operator to select the probe pitch angle, locate the beam edge, and 
determine the plate potentials corresponding to the various ion species.* -^ e 
first step the operator performs in conducting a beam scan is to set the probe 
pitch angle at <j>p = 0, and then drive the probe down towards the beam until a 
collector current is detected. This locates the edge of the beam at the plane of 
the accelerator grid and provides a reference for subsequent movement of the probe 
into the beam a distance equal to one-half the diameter of the active region of 
the electrodes. If either the thruster or probe have been removed from the test 
facility since the last probe measurements were performed, the probe-to-thruster 
alignment is checked by varying the probe yaw angle, ft, until maximum probe 
current is detected. With the probe-travel axis and thruster axis aligned, this 
step ensures that the viewing axis of the probe is coincident with the thruster 
axis. The operator then varies the output of the electric-field power supply to 
determine the voltages, V + and V^, corresponding to the peaks of the 1+ 
and 1 | | current profiles (see Figure D-4). These voltages are then input to 
the data-acquisition system via potentiometers located on the control panel. 

Next, the probe is driven up and out of the beam, and the pitch angle, <J>p, is 
set to the maximum negative value to be sampled (usually -15°). The probe is then 
driven down to locate the beam edge. The beam edge is always located by moving the 
probe in the downward direction, eliminating any position error that could be 
caused by hysteresis in the positioning mechanism. A.t this point, the operator 
places the system in the auto mode, which executes the following steps: 


*The normal operating conditions of the 8- and 30-cm thrusters result in a negli- 
gible population of triply charged ions; therefore, the standard practice has 
been to measure only the singly and doubly charged ion currents. However, the 
probe system located in the Hughes 9 ft vacuum chamber also has the capability 
of measuring triply charged ions, which may not be negligible in thrusters 
operating at high beam currents. 



1. The probe is driven downward to a distance equal to one-fourth 
the radius of the active region of the electrodes. 

2. Any vibration of the probe caused by the directed motion is 
allowed to dampen out. 

3. The currents, and i t | , are sampled and recorded on paper 
tape. 

4. Steps 1-3 are automatically repeated a total of four times, with 
the last measurement performed on the thruster axis. 

Next, the operator drives the probe up and out of the beam, increases the pitch 
angle, <f>» by 5°, locates the beam edge, and resets the auto mode. 

In developing the computer program used for analyzing the probe data, one of 
the primary objectives was to minimize the number of input data points subject to 
the constraint that the accuracy of the reduced data should be at least comparable 
to that of the raw probe data (±2% of full scale based on the manufacturers speci- 
fications on the accuracy of the electrometer) . Minimizing the data-collection 
time ensures that the thruster operating conditions remain nearly constant during 
the data scan and also relieves the operator of the time-consuming task of taking 
more data than is necessary. After the initial installation of the probe, scans 
having a different number of data points were taken, and it was found that four 
equally spaced radial values and seven equally spaced angular values were near 
optimum. A larger number of radial data points produced essentially the same 
results, while a smaller number produced discontinuous-appearing curves. While 
six angular values for each radial value were usually satisfactory, seven were 
better for more divergent beams. The final technique chosen was to use four 
radial values and seven angular values, resulting in a total of 56 data points per 
scan (28 each for i+ and i++). In practice, the operator may conduct the 
scan using as many as nine pitch angles so that the symmetry of the angular 
dispersion profiles can be checked, enabling the most symmetrical data to be used 
as input to the data-analysis routine. 




253 



B. DATA ANALYSIS PROCEDURE 


The paper tape generated during the data acquisition contains 28 pairs of 
probe currents (i + and i++) corresponding to the measurements conducted 
while viewing the four radial locations on the accelerator grid from seven dis- 
crete angles. After completing a beam scan, this tape is input to a DEL PDP-170 
computer which performs the data analysis according to the procedure described 
below. 

The probe collector current, i, corresponding to species, n, is given by the 
expression, 


V r ’ 


V 




(r, <j>) cos( <j) - <j> p ){u[<J> - (<|> p - - u[<j> - (4> p + 


m >T( 4> - <j> p )dwdA p i 


(3) 


where I n is the intensity of the ion flux, r and <j> are the coordinates, <j)p is 

the probe angle, ip is the acceptance half-angle of the collimator, u is the unit 

step function, T is the transmission of a cylindrical collimator, uj is the solid 
angle, and Ap is the aperture area. The combination of the transmission and 
unit step functions in Equation (3) effectively "collimates" the incoming flux (as 
illustrated in Figure D-9) , allowing only a fraction of those ions having angles 
in the range <j>p ± ip to reach the velocity filter. In practice, the operator 
selects the ion species of interest by varying the ratio, E/B, to match the parti- 
cle speed. The narrow acceptance angle (2\p) of the collimator permits the inten- 
sity in Equation (3) to be replaced by the value corresponding to the probe angle, 
<j)p. Since the collimator restricts the angle difference to <j) - <J>p < ip, the 

cosine can be replaced by unity, and Equation (3) can be written as 

<r, * p ) = Jjl n (r, * p )TdarfA p . (4) 

The narrow field-of-view of the collimator and the small size of the entrance 

I 

aperture permits us to assume that the ion flux is homogeneous over the aperture 
area, and isotropic within the field-of-view. This enables the intensity to be 
expressed as 



( 5 ) 
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ANGLE 


Figure D-9. Transmission of a cylindrical collimator inclined at angle 
4>p - The step functions filter out all angles except 
those of bandwidth 2iJ> centered at <j>p. The function, T, 
is the transmission of cylindrical apertures viewing a 
parallel beam inclined at angle 4>p . 

where J is the current density, and fl is the solid angle subtended by the 
collimator. Reference to Figure D-10 shows that the solid angle, fl, is given by 

A 

a - -f , (6) 

r 


where the aperture area, Ap, is given by 

2 2 

A = it* <|/ . 

P 

The differential solid angle, dm, is given by 



2 nr dr 


(7) 


( 8 ) 

(9) 
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For small angles, r = £e, and the expression above can be written as 


doi - 2nede 


Combining Eqautions (4), (5), (6), and (10), and performing the integration over 
dAp, results in 


V r * V 


2J (r, * )A 
n r v t 


eTde , 



Figure D-10. Definition of variables used in analysis of the response of a 
cylindrical collimator. 
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The transmission of the cylindrical collimator is given by 


2 

1 + s 

/I + s\ 2 

1 ^ 2 -1 (1 + s \ 

ir 

2 

1 ~( 2 ) 

+ sin ( 2 ) 


where (for small angles e) 


1 + s _ _£ 

2 = r " ip 

P 


(13) 


(14) 


The transmission represents the fractional overlap of the circular areas of the 
entrance and exit apertures (as shown in Figure D-ll), and therefore represents 
the response of the collimator to a parallel beam. Combining Equations (13) and 
(14) gives 


2 

G 

r /£ , 2 ' 

1 ^ 2 -1 /e\ 

T = 1 - - 

IT 

* 

1 - (*) 

+ Sln (♦) 


(15) 


Evaluation of the integral appearing in Equation (12) is simplified by making the 
substitution, 


e 



which results in 


f 

I eT(e)de 


/ 


x 


2 

n 



+ sin ^x 



(16) 


(17) 


The integration can be performed using standard techniques to evaluate the 


following integrals: 



o 


(18) 


(19) 
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(20) 


a. 

f 


x sin ^ xdx = - 5 - 

O 


Substituting these result into Equation (15) gives 


T 

/ 


I 

_ 2 

1 — 


2 

ir 

\ 16 

+ 8/1 


. jki 

8 * 

Combining Equation (12) and (21) gives the relationship between the current 
density at the probe aperture and the collector current. 


( 21 ) 


V c > y ” 4 


1 „< r > +„> 

_n B_ 


( 22 ) 


The relationship between the current density at the accel electrode and the col- 
lector current can be derived using the geometric variables defined in Figure D-12. 
The small area, Aq, of the accelerator electrode is "viewed" from different 
angles, <J>p, resulting in a current-density dispersion profile similar to the one 
shown. This profile represents the current density* at the measurement plane 
due to ion flow from the area, Aq. The total current from Aq is obtained by 
integrating this current density over the measurement plane. 


-fv 


A , . 
ndA i 


(23) 


Note that the current density, J, is not necessarily the total current 
density at the measurement plane, since the collimator restricts the probe 
viewing area to A . For this reason, the total current from the accelerator 
system cannot be found by integrating the current density at the measure- 
ment plane. 
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'n <r ' 


Figure D-12. Definition of variables used in analysis of probe collector 
current. 

The scalar product is given by 

t A T , 

J *n = J cos d> 

P 

The area element, dA, is given by the expression 

dA, 


(24) 


dA - 


COS<J) 


(25) 


which is obtained by projecting the area element, dA, onto a plane normal to the 
direction defined by the angle, <J> 0 , and corresponding to the peak of the 
current-density distribution. In this plane, the current density is assumed 
symmetrical about the radii defined by the angles, ‘{'min and (|^ ax) of 
Figure D-12. Under this assumption, the area element dAj^ is given by 
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(26) 


dA^ = irRdR , 

where the coordinate R is given by 


and 


R a L sec <j> tan( <b - 4 ) , 

o p o 


(27) 


dR = L sec 6 sec ( — A )d <b 
T o ' p r o' T p 


(28) 


The distance, L, from the measurement plane to the accelerator grid is given 

by 


L = L + R (1 - cosy) , 
o c 


(29) 


where L 0 is the distance from the probe to the accelerator electrode on the 
thruster axis, and R c is the radius of curvature of the electrodes (as shown, 
R c is positive for electrodes dished outward). The angle, y, is given by 


Y - sin -1 (f-) 


(30) 


Combining Equations (22) through (28) gives the desired expression for the current 
through the’ measurement plane, 


4ttl sec <(> 


n 


max 


cos<|> sec (<J> — <J> ) tan (<j> - <j> )|d<j> 


P o 


P o' P 


(31) 


min 


This is also the current through the area, A Q , of the accelerator grid, which 
can be written as 


I n “ j n COS ^ Y " < f , ) A o » 


(32) 
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where j n is the current density at the accelerator electrode. Combining 
Equations (31) and (32) gives the desired expression relating the current density 
at the electrodes to the probe current. 


. t 2 3 a <f> 

4ttL sec <b max 
r o 


j (r) 
J n v ' 


A A cos(y - <)>) 

o p 


4> 


\ - 


(r, cf> ) cos <j> sec ( 4> - <j> ) tan( <j> - <j> ) d d> 

\ » Tp/ rp \rp T o' ' Y p r 0 ' Y p 


min 


(33) 


An expression for the angle $ can be derived by applying the momentum equation to 
the control volumes of Figure D-6. Using the measurement plane as the control 
surface, the net thrust is given by 

& 


F (r) 
net e 


e + 2 

J 


j..(r) cos(y - <f>) 


cos<j) dA . 


(34) 


Using the accelerator electrode as the control surface, the net thrust is given 
by 

mV - ' /2 


F net (r) " ~e~ [ j + (r) + £ j -H- (r) | COs(y “ ♦> COS ^o 


(35) 


Equating the two expressions for net thrust and solving for the angle <J> results 
in 


/2 


ij>(r) = cos 


-1 


r + (r,<) >) + T - J^Cr, <f> ) 


j + (r) + y~ J 4+ ( r ) 


cos <j> dA 
12 


cos(y - <j>)A 


(36) 


Substituting Equations (22), (25), through (28), and (33) into Equation (36) 
gives the desired expression for the angle <J> : 


$ 

max 

J i(r) + +y~ 1(0^ cos 2 <() p sec 2 ((}) p - <fr Q ) tan( <j) p - 4> q ) d^ 


<j>(r) = cos 


-1 ^min 


max 

J 


/2 2 

i(r) + ■*— i (r) cos<j) sec ( 4> — <f> ) tan(<{> - <J> ) d<f) 

. + 2 ++ p p o p o r 


min 


(37) 
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The thrust-loss factors, a and F^, are calculated using the expressions 

/2 


a = 


J + + 2 J -H- 


J + J 
+ ++ 


(38) 


and 



A 


g 




cos(y - <)>) cos<j)dA 


cos(Y - <j>)dA 


9 


(39) 


where the total current of species n, and J n , is determined by 


J 


n 



j n cos(Y - <{>) 


2irrdr 
cos Y 


(40) 


The integrations of Equations (33), (37), (39), and (40) are performed using 
the trapezoidal rule, with the integrands evaluated at the midpoints of the probe- 
angle intervals using a second-order interpolation routine. The probe current is 
set equal to zero at the integration limits, and 6 max , where these 

limits are defined as 5° less than the minimum input angle, and 5° greater than 
the maximum input angle, respectively. 
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APPENDIX E 




APPENDIX E 


The work performed under this program to upgrade the 
drawings and fabrication control documents for the J-series 
thruster is best summarized by the indentured parts list 
that catalogs these documents. The latest revision of this 
parts list is included here. 
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TITLE 


PARTS LIST 30- cm tools and fixtures 


FIXTURE 

NUMBER 

DESCRIPTION 

f 

USED ON 

T-1001 

RING STRUCTURE DRILLING AND 
ASSEMBLY FIXTURE 

E1024698 

T-1002 

RING STRUCTURE STRESS RELIEF 
FIXTURE 

E1026498 

T-1004 

REED TUBE CONNECTOR ASSEMBLY 
BRAZING FIXTURE 

B1026611 

T-1005 

THRUSTER ASSEMBLY & GIMBAL 
DRILLING FIXTURE 

D1025324 

T-1006 

REAR BRACE WELD FIXTURE 

D1026485 

T-1007 

BACK SUPPORT BEAM FIXTURE 

D1026485 

T-1008 

30-CM OPTICS DRILL FIXTURE 

E1095752 

T-1011 

HEATER. TERMINAL LOCATING 
FIXTURE 

C1025275 

C1026622 

T-1012 

MIV PLATING PROTECTION FLANGE 

C1025275 

, 

T-1013 

CIV PLATING PROTECTION RANGE 

C1026622 

T-1014 

EBW MANDREL - SHIELD INNER 

- SHIELD SEGMENT - 98 

B1026541 

B1026538-98 

T-1015 

EBW MANDREL - SHEILD OUTER - 99 

B1026538 

T-1016 

450 ANGLE FORMING FIXTURE 

272 

B1026538-1 


:atc rev next ais't 

5/21/81 


Br sheet or sheets ; 

5.. .57 1 


BLDG. 253 
RM 711 


BLDG. 253 
RM 711 



































PARTS LIST 


FIXTURE 

NUMBER 


T-1017 


T-1018 


T-1019 


T-1020 


T-1021 


T-1022 


T-1023 


T-1024 


T-1025 


T-1026 


T-1027 


T-1028 


T-1029 


TITLE 

30-CM TOOLS AND FIXTURES 


DESCRIPTION 

/ 

USED ON 

EXPANDING MANDREL 

B1026538-98 

B1026541 

45° ANGLE FORMING FIXTURE 

B1026538-99 

COPPER SPOT WELD FIXTURE 

B1026538 

FORMING STRUCTURE - 
STIFFENING GROOVES 

B1026538-99 

FORMING FIXTURE - 
STIFFENING GROOVES 

B1026541 

MISCELLANEOUS TOOLING AIDS 

B1026538 

B1026541 

BENDING FIXTURE - FEED TUBE 

B1026606 

BAFFLE SUPPORT COVER FORMING PUNCH 

B1026608 

ANODE-WIRE MESH EBW FIXTURE 

D1095246 

ANODE DRILLING & GRIT BLAST 
FIXTURE 

D1095246 

NEUTRALIZER MOUNTING BRACKET 
ALIGNMENT FIXTURE 

D1026506 


CATE REV NEXT ASS’t 

5/21/81 


BT SHEET OF SHEETS 

6 5Z 


DRILL BUSHING FIXTURE 
MAIN KEEPER ASSEMBLY 


PLASMA SPRAY FIXTURE END PLATE 
2.125 DIA. 


C1095033 


C1095080 
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PART'S LIST 

TITLE 

30-CM TOOLS AND FIXTURES 

E*T£ 

5/21/81 

REV NEXT ASS’y 1 

i 

I 

BY 

SHEET of SHEETS • 

7 57 i 

■ 

FIXTURE 

NUMBER 

DESCRIPTION 

/ 

USED ON 

LOCATION 


T-1030 

PLASMA SPRAY FIXTURE END PLATE 
3.705 DIA. 

C1095080 

7111 


T-1031 

! f 

PLASMA SPRAY MASK - TANTALUM TOP 

B1095088 

7111 


T-1032 

' 

WELDING FIXTURE - DRILLING FIXTURE - 
RING STRUCTURE 

E1026498 

7111 


T-1033 

STRESS RELIEVING FIXTURE - 
RING STRUCTURE 

E1026498 

7111 


T-1034 

WELDING BOX - ARGON ATMOSPHERE 
FOR TITANIUM 

E1026498 

C1026509 

B1026504 

D1026506 

7230 


T-1053 

3Q-CM STRESS RELIEVING FIXTURE 

E1Q26498 

7111 


T-1054 

EPOXY FORMING ROLLERS 

D1095246 

D1025381 

7111 


T-1055 

STRESS RELIEVE FIXTURE #1 

1026137 

6138 

7250 


T-1056 

STRESS RELIEVE FIXTURE 

D1026137 . 

D1026138 

7250 


T-1059 

HEAT SINK FOR RESISTOFLEX FITTING 

C1095430 

7111 


T-1066 

MAGNET TESTING FIXTURE 

B1095044 



T-1071 

i 

30- CM EMT MOUNTING U N 




T-1074 SCREEN ELECTRODE SIZING FIXTURE 1026137 7111 

-1 to -3 


274 













































PARTS LIST 


TITLE 

30-CM TOOLS AND FIXTURES 



SHEET of ShEETS 

8 57 i 


FIXTURE 

NUMBER 

DESCRIPTION 

/ 

USED ON 

T-1076 

EBW FIXTURE FOR KEEPER ASSEMBLY 

C1Q95715 

T-1077 

OXIDIZING HEADER F0R f VAPORIZERS 

ALL 

VAPORIZERS 

T-1078 

POROUS PLUS WASHING FIXTURE 

8CM & 30 CM 

T-1079 

30-CM OPTIC SR FIXTURE 

30 CM 
E1095752 

T-1080 

30-CM RING STRUCTURE MACHINING 
FIXTURE 

30 CM 
E1026498 

T-1090 

MANIFOLD LOCATING FIXTURE 
30 CM 

30 CM 
C1095683 

T— 1 091 

WRENCH - RESISTOFLEX FITTING 
B1095397 

B1095397 

T-1093 

MASK TO GRID 
SPACING BARS 

30 CM 
D1026462 

T-1094 

SPECIAL DEPTCH MICROMETER 

E1026510 

T -1 095 

FORMING FIXTURE 
NEUTRALIZER BRACKET 
1027364 

30 CM 
1027364 

T-1097 

PIN ALIGNMENT FIXTURE 
FOR DISHING 
30 CM ELECTRODES 

D1026137 
30 CM 
D1026138 

T-1100 

SHOE HORN - ANODE 

D1025246 
30 CM 

T-1103 

RIVET GO-NO GO GAUGE 

275 

E1095752 
30 CM 





































PARTS LIST 


TITLE 

30-CM ASSEMBLY PROCEDURES 


SPEC. NO. 
IPD-PR- 


TITLE 


DATE 

OF 

ISSUE 


DATE 

5/21 /81_ 

BY 


REV 


seat ASS'Y 
I SHEET of SHEET! 

J 9 5 7 


REVISION 

LETTER 

DATE 


REQUESTOR 


j 010 


CLEANING PROCEDURE - ION THRUSTER PART 
(METAL) HAVING COMPLEX CONFIGURATION 
(CAVITIES, THREADS, ETC.) 


Jan. '64 


•B" REV 
5/29/81 


W. D. Meyers 


016 


CLEANING & FIRING OF CERAMIC PARTS 


Mar. '64 


"B" REV 
7/24/79 


Prepared by: 
W. Perkins 
W. D. Meyers 


017 


BRIGHT DIPPING TITANIUM PROCEDURE 


Nov. '74 


"B" REV 
9/11/80 


Prepared by: 
R. Olney 
W. D- Meyers 


043 


FLASH NICKEL PLATING, ION THRUSTER 
MILD STEEL PARTS 


Jul . '71 


"B" REV 
5/21/79 


T. Packman 


050 


051 


SHIELD-INNER FABRICATION 
B1026541 


Oct. '73 


"B" REV 
7/14/80 


Prepared by: 
B. Reeves 
D. Schnelker 


SHIELD-OUTER FABRICATION 


Oct. '73 


"B" REV 
7/14/80 


Prepared by: 
B. Reeves 
D. Schnelker 


052 


FIELD TUBE CONNECTOR ASSEMBLY 
B1026611 


Oct. '75 


"E" REV 
7/15/80 


Prepared by: 
B. Reeves 
D. Schnelker 


053 


CATHODE ASSEMBLY 
Cl 026624 


Oct. '75 


"D" REV 
9/12/80 


D. Schnel ker 


054 


BAFFLE AND POLE ASSEMBLY 
D1095719 


Oct. '75 


"C" REV 
8/26/80 


D. Schnelker 


055 


ASSEMBLY PROCEDURE FOR 30-CM 
PLENUM ASSEMBLY 
1025320 


Jul. '79 


"A" REV 
7/16/80 


S. Kami 


062 


ASSEMBLY PROCEDURE FOR RING 

STRUCTURE 

E1026496 


Dec. '75 


"B" REV 
8/4/80 


Prepared by: 
B. Reeves 
D. Schnelker 


064 


; 065 


! 069 

i 


070 


30 CM THRUSTER ASSEMBLY 
E1026510 


Jun. '76 


"C" REV 
9/12/80 


GRIT-BLAST PROCEDURE FOR ION 
THRUSTER PORTS 


Oct. '73 


"A" REV 
8/2/76 


FINAL ASSEMBLY OF MASK 
D1026462 

FINAL ASSEMBLY OF REAR SHIELD 
E1025216 


Nov. '75 


Nov.’ 75 


"B" REV 
9/10/80 

"A" REV 
9/2/80 


D. Schnelker 

|Prepared by: 
!h. McNulty 
iD. Schnelker 

Prepared by: 

C. Fibuzian 

D. Schnelker 

D. Schnelker 


276 




















































PARTS LIST 

TITLE 

30-CM ASSEMBLY PROCEDURES 

IKII 


BY 

SHEET OF SHE ‘ • 

10 57 

j 

'SPEC. NO. 
I PD- PR- 

TITLE 

DATE 

OF 

ISSUE 

REVISION 

LETTER 

DATE 

REQUESTOR 

» 

| 071 

i 

ANODE FABRICATION 
D1095246 

Jan. '76 

"D" REV 
9/10/80 

D. Schnelker 

| 

1 074 

j 

HELIUM LEAK DETECTION' > 

Oct. '75 


Prepared by: 
R. Olney 
D. Schnelker 

075 

I 

MAGNETIZATION 

30- CM ION THRUSTER MAGNETS 

B1095074 & B1095095 

Nov. '74 

"A" REV 
10/20/75 

Prepared by: 
R. Olney 
D. Schnelker 

i 

i 

092 

30 CM ION OPTICS FORMING PROCEDURE 
P/Ns D1026137 & D1026138 

Oct. '75 

"A" REV 
9/10/80 

B. J. Reeves 

093 

CATHODE ASSEMBLY-NEUT. 
P/N C1095283 

Oct. '75 

"C" REV 
9/10/80 

D. Schnelker 

094 

CALIBRATION OF 30 CM ION THRUSTER 
RADIAL MAGNETS P/N B1095095 

Oct. '75 

"A" REV 
9/15/80 

Prepared by: 
R. Olney 
D. Schnelker 

095 

CALIBRATION OF 30 CM ION THRUSTER 
AXIAL MAGNETS P/N 81095094 

Oct/75 

"A" REV 
9/15/80 

D. Schnelker 

098 

• 

DYE PENETRANT TEST FOR ALL FORMED ' 
SHEET METAL PARTS 

Jan. '76 

"A" REV 
4/14/81 

S. Kami 

133 

INTRUSION TEST AND FLOW FABRICATION 
PROCEDURE 

Aug. '77 

"A" REV 
5/10/78 

S. Kami 

138 

30 CM THRUSTER ACCEPTANCE TEST 
PROCEDURE 


"A" REV 
3/1/80 

Prepared by: 
C. Dulgeroff 

139 

THRUSTER TEST FACILITY 

Jul . '79 

■ 

Prepared by: 
R. Poeschel 

. 

140 

1 

30 CM THRUSTER 

POWER PROCESSOR SPECIFICATION 

Jul . '79 


R. Poeschel 

1 

141 

t 

INSTRUMENTATION AND CALIBRATION 

Jul. '79 

i 

Prepared by: 
R. Poeschel 

Prepared by: 
R. Poeschel 

Prepared by: 
C. Dulgeroff 

i 

142 

. 

143 

PRELIMINARY THRUSTER PREPARATION 

DATA FORMATS FOR 
THRUSTER DOCUMENTATION 

Jul . '79 

"A" REV 
3/1/80 
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TITLE 



PARTS LIST 


30-CM ASSEMBLY PROCEDURES 


SPEC. NO. 
IPD-PR- 



REV1SI0N 

LETTER 

DATE 


! 

1 146 

! 

i 

i 

30 CM ELECTRODE STRESS RECEIVING 
PROC. P/N D1026137 & D1026138 

Mar. '78 

151 

VAPORIZER POROUS PLUG - HOUSING; 
ASSEMBLY AND PROCESSING PROCEDURE 
30 CM 

Jul. '79 

152 

MAIN ISOLATER VAPORIZER ASSEMBLY 
C1095755 

Mar. '80 

153 

30 CM OPTICS ASSEMBLY PROCEDURE 
1095752 

Jul. '79 

154 

CATHODE- ISOLATOR VAPORIZER 

ASSEMBLY 

1095763 

Jul . '79 

155 

NEUTRALIZER ASSEMBLY 
1095773 

Sep. '79 

156 

NEUTRALIZER VAPORIZER ASSEMBLY 
1095761 

Jul . '79 

159 

PREP. OF THRUSTER DELIVERY 
PACKAGE 

? 

165 

VAP HEATER TEMP CYCLE 

Mar. '80 

166 

CATHODE HEATER TEMP CYCLE 

May.' 80 


7/15/80 


9/10/80 


'A" REV 
9/12/80 


"A" REV 
6/2/80 


sheet or shee- 

11 57 


REQUESTOR 



G. J. Reeves 


Prepared by: 
S . Kami 


'A" REV Prepared by: 

9/10/80 S. Kami 


Prepared by: 
S. Kami 





Prepared by: 
S. Kami 


Prepared by: 
S. Kami 


Prepared by: 
S. Kami 


Prepared by: 
R. Poeschel 


Ray Maheux 


R. Jones 


t 







































PARTS LIST 


TITLE 

30-CM MATERIALS LIST 


NO. 


MATERIAL AND USE 

QTY 

PER 

THR. 

MOLYBDENUM FOR ION OPTICS 



a. .015" ARC-CAST SHEET 


2.25 kg 

b. .075" POWDER-MET. SHEET 


4.18 kg 

c. .160" POWDER-MET. SHEET 

» 

,4.91 kg 

d. V ARC-CAST PLATE 


1.84 kg 

TANTALUM FOR CATHODES 



AND POLE-PIECE SHIELDS 



a. k" DIA ROD 


.42 lb 

b. 5/16" DIA ROD 


.46 lb 

c. 2/16" DIA ROD A 


.09 lb 

d. h" DIA ROD 


.68 lb 

e. 3/4" DIA ROD 


1.59 lb 

f. .125" THICK SHEET 


2.40 lb 

g. 3/16" THICK SHEET 


3.50 lb 

h. k" THICK SHEET 


1.66 lb 

i. .010 THICK SHEET 


.036 lb 

j. .016 THICK SHEET A 


.096 lb 

k. .032 THICK SHEET B 


.46 lb 

1. .090 THICK SHEET C 


.54 lb 

m. k" DIA x .010 WALL TUBE 


.5 ft 

n. .0005" THICK FOIL 


.009 1b 

A 25 lb. Min. Order 



B 35 lb. Min. Order 



C 50 lb. Min. Order 



CERAMIC INSULATORS 


147 parts 

MISCELLANEOUS ASSEMBLY 



POROUS TUNGSTEN (VAPORIZERS) 


12 parts 

3 VAPORIZERS (YIELD k) 



IMPREGNATED POROUS W INSERT 


3 

2 CATHODES (YIELD 2/3) 



HEATERS 



a. CATHODE (Ta 

) 

4 to get 
0 

b. VAPORIZER ( 

) 

6 to get 

3 

c. ISOLATOR ( 

) 

4 to get 



2 


NO. 


DATE 

5/ 21/81 

BY 


REV 


NEXT ibi’T 


SHEET OF SMtl 

12 57 


MATERIAL AND USE 

mmg' 

mwm 

TITANIUM 


a. .020" THICK SHEET 

2.0 lb 

b. .032" SHEET 

2.0 lb 

c. .08" 

2.0 lb 

d. 3/8" DIA ROD 

.9 lb' 

e. H' DIA ROD 

.0161b 

f. IV’ THICK PLATE 

63 

- 

MAGNETS 


a. 12 AXIAL 

15 

b. 12 RADIAL 

15 

VESPEL 


a. k" SHEET 

4 sq.in 

b. V SHEET 

4 sq.in 

c. 3/4" ROD 

14 in. 

RESISTOFLEX FITTINGS 

5 


I. 


2 . 


3. 

4. 

5. 

6 . 


7. 


8 . 


10 . 
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TITLE 


PARI S LIS I 30-CM MATERIALS LIST 


REV SE*T AiS'T 
SHEET or Sh'L 

13 57 


MATERIAL AND USE 


MATERIAL AND USE 


302/304 

a. .003 THICK SHEET 

b. .005 THICK SHEET 

c. .010 THICK SHEET 

d. .015 

e. .016 

f. .025 

g. .060 

h. 3/16" PLATE 

i. l"(in)2 BAR 

j. .187 DIA 

k. .375 DIA 

l. .500 DIA 

m. 1.500 DIA 

n. 2.250 DIA 

o. .090 x .016 WALL TUB 

p. .062 x .010 WALL 


2. a. 165 x 800 302/304 SINTERED 

MESH 

b. 165 x 800 MESH 

c. 165 x 1400 

d. 23 MICRON 

e. 94 MESH 


3. KOVAR SHEET .020 

ALUM a. .020 

b. .025 

c. .030 

d. 1" DIA 

1010/1018 C.R.S, 

a. .010 SHEET 

b. .024 SHEET 

c. .030 SHEET 

d. 1" DIA 

e. 3" O.D.x.050 WALL TUBE 
OFHC COPPER .010 DIA 
2% THOR TUNGSTEN V DIA 
CLASS 200 NICKEL SHEET 
TA. MESH 50 x 700 


GRAPHITE 









SIZE 


TITLE 3001 J-SERIES ION THRUSTER 

PARTS LIST E 1026510 

REF l P D - F :• v c C Fi r- •. A : < V 


- ~ >- i— c o 

NOMENCLATURE £ < n C 2' 2: 

drawing number ^ d >■ 

— ... o ^ ^ z: c/t 

I 2 3456789 10 II 12 £££££ 



REV 

A 

NEXT ASS’Y 

SHEET 

14° F 57 SHEETS 


OUTER HOUSING ASSEMBLY 

— 1 1 1 1 1 1 1 1_ 

D 1025324 

1 1 1 1 1 1 1 h- 

INSULATOR-SPACER MALE 

— 1 1 — 1 — 1 — 1 1 — , i- 

B 1024226-98 

SH^ELt) , TUBE 1 1 ' *“ 

B ' iofe T dl rr " t - ^ 

1 — I — I — I — I — I — I — f- 

WIRE MESH ANODE 
D 10^5246 ' ' + ' 

INSULATOR-SPACER, ' FEMALE 
B 10^42^6-^9 ' ' 1 

, 1 , 1 1 , , f. 

SHIELD. INSULATOR 

— i H — i 1 — i 1 — l h 

B 839299 

1 1 1 1 1 1 1 1- 

WIRE ASSY, ANODE 

— i , 1 1 , 1 1 H 

D 1095845-04 

, 1 1 1 , 

WIRE ASSY, ANODE 

— i 1 1 1 1 1 1 1- 

D 1095845-05 

wire Assy", anode 1 ' 

— I — I — I — I — I — I — I — J- 

D 1095845-03 

1 1 1 — i — i 1 1 h- 

WIRE ASSY, ANODE 

— l — i 1 — i — l 1 1 H 

D 1095845-02 

1 1 1 — i i — i 1 f- 

BACK PLATE ASSEMBLY 

— i 1 1 — ( — ( , ( (_ 

E 1025353 

1 1 1 1 | 1 1 4— 

RETAIIJER f RADIAL MA^NEJ 
C 1026508-1 

1 1 1 1 1 1 1 h 

RETAINER^ RADIAL MA^NEJ 
C 1026508-2 

1 f — ¥ — i 1 1 1 i- 

REJAINER f RADIAL ^MAGNEJ 
C 1026508-3 ~ t_ 

1 -I 1 1 1 1 1 h- 

RETAINER, MAGNET, INNER 

1 1 1 V t ! 1 H 

C 1025352 

1 — i — i — i — i — i — i 1_ 

MAGNET, RADIAL 

1 1 1 1 1 1 H 

B 10950P5 





_L_LJ_ JLJj 21 1 °^ 

G :• 12 12 2 
B 9 12 49 3 

JL-L.L-L 

G A 3 12 13 _ 5 _ 

_D £_i 2_14 6 

±_ 5__ 

& o 3 to 8 


9_ 

_f_j_ j__ 8 __n is 

_B__8_ 8_ 9_2i 
B__2_ 2__10 _13 
_B_ _2__ _2_ _11_ _1£ 
C__l_ j_ 23 _15 
A 12 12 3 16 


,313 0,1) * .156 
Al 1.0 0 ALL ' l 
W65T r .N <ZOLD $ PLAT. 


j. - O 1 1\ A i £}l T ri i. 

3ez/'C‘- cr 


I or-: fl .»2 x ^* 9 , 165X-;:: 
071 lo z£ 304 l c.cr: ri 

I 026 p.-wo'D Ta . O Z-3/-0-.C J--[L 
I I OO CRE^ ? -1 J T 


1 313 0.0, 

. ( ?: T 


X , 2.51 Lgr 

Al Alum- 

IN A, WSTtL' 

j 6 U> i 


.SO OiA 

y . zz. 

Lv 

3 OZ/SCA 

CRSTS 

p 







3,3X1 78 x *00 5 r: 'N 
Com'l 1‘ui’e TIT'-niuv 
AMS a /aA C ■ 



zj * "Z. *- ■ ^ x . t' 1 ~ : ^ 

Al S I Idlfl/ICM? 5T£ r L_ 


>10 a . I A •_ X 3 • ■£ lt 
ALMlO U. 


*L MAY 1660 





































































PARTS LIST 


title 30CM j-series ion thruster 


NEXT ASS'Y 


NOMENCLATURE 
DRAWING NUMBER 


IE £ W- S O 

— j < I — 

2 >* ^ S' OO 

5 5 5 nr g 


RJ 


(Pt>|Tm 
PR 


SHEET 1 5 OF 57 SHEETS 


RETAINER, MAGNET, OUTER 

— i — , — | — | — , — | — | 1 — (_ 

D 1026488 


. RETAINER, FORMED BLANK . 


. 1095850 


^Ff’ . -I- 

B 1095094 




C 11 6 17 


1 1 (11 CD 


A 12 12 18 


1 1 15 19 18 055 


1 1 50 20 


B 1 1 52 21 19 054 


B 1 1 51 22 


B 1095428 


SHIELD, OUTER, INSULATOR 

1 t-L— I , -1 , 1 1 1 1 1 

B 1*025317 .. . , , 6 i* 3? 2Z 23 


INSULATOR (CERAMIC) 2 . 

1 1 1 — i-t r r+- t 1 1 1 1 

B 1095778499 A Z 2-f 19 24 


2 14 30 25 



015 

0£5 !cGG 


I ' 4.0 0.0. x U-5 l.t>- 

X • D24-THK BIAUK 
AISI K5:o/lO|S STfLL 


.14-0 Ol A X S. Lj 
AUNtCO 3ZT 


D 1025320 , 


0 I 1095429 . 


D I 1095719 . 





\CssX6co dutch wi^ 
3®4r L Cfc&'S -rvico, INC 

14-0 OlA 



IN^UL^TOy, ^SS^MB^Y - V^SPft., 
B 1095712 


REAR BRA^E ASS^MB^Y f ( f 
D 1026485 


CAJHODE ASSpiBLY-^IVj | ( 

C 1026624 


SEAL, CATHODE 

— I — 1 1 1— _ * 1 1 — 1 — 

B 1026601 


IS(|)-VAP ASS^MB^Y , CAJHODE | 
D 1095763 


COVER, BAFFLE, UPSTREAM 

1 — — ? 1 1 r— 

e 1095239 

t 1 1 — i 1 — i — 

BAFFLE • * 

1 1 — , 1 1 1 — 

B 1025423 



j c,s x 600 du t -h 

3<r4 t_ g-TE T -"i l X 

4 >0 DiA 


\<?-e tv PE 30 Z czl-s, 
cot-} o A , CAa. - S * /«• a 
|.e M A X*<5l<? vuc 



VC-SIti. 5P-I 
Du PPf-JT oe 


TlT/^Kl 1 U f4 ,CUM • u 
PURE^MS A a .OO f C>\ 


17 26 23 16+ 


G 1 1 36 27 24 0S3 


A 1 1 53 28 


1013 

A 1 1 42 29 24 154 low 




coi'VL pur;c ta 
.005 x I - S £>i/» 




. o t , 

C (s> 

Cc'A 

' t- t - 

TA 

f 

2.3 

DlA 


roio 

a t i 

sxe 

1 u 

'J- 1 Z-\ 

S PI A 

K . 

0 3 TI.K 

5LC«. - S - b o 

iri 




16583 RL MAY 1060 
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SIZE 


NEXT ASS'T 


PARTS LIST 


TITLE 30 CM J-Series Ion Thrusterl 0A T^ / R * v 


NOMENCLATURE 
DRAWING NUMBER 


Standard Hardware 


CE -it I — ° 

h w o == 

-J <f I — 

« > > g 

g H H _ 

0 o o 


2/V 6 /*/ A 


COVER, BAFFLE, DOWNSTREAM 


B | 1095238 


SCREW, BAFFLE 

— i — i — i — i — i — i — ! — 

B 1095241 

i i i i i i i 


ISQ-VAP ASSEMBLY, MAIN 


D 1095773 


30CM OPTICS ASSEMBLY 

— I 1 1 1 — 1 1 1- 

E 1095752 


JUMPER WIRE, ACCEL 
— i — i — i — i — i — r— 
D 1095845-01 


SHIELD 


B 1026447-1 


INSULATOR, KEEPER, MALE 

— i — i — i — i — i — i — i — i — i 

B 1025268 


INSULATOR, KEEPER, FEMALE 

— i — i — i — 1 — 1 — I — i — 1 — 

B 1025267-2 


SHIELD, KEEPER 

1 — —I 1 ! 1 1 1 1 : 

B 1025266-2 


PLATE, FEEDLINE SUPPORT 


B 1095723 


16 0F 57 



iPD|m 
PR 



E 1 1 5+ 32 


3 37 33 



- ,50 pi A 

TA CO/h'L POP.Z 


. ■? tjvj DlA A .“Z. 5 ~C L t TA 
COP\' L PURE 



0FHC COPPER WIRE (ANNEALED) 


.009/. 010 Dia 


CLAMP, FEEDLINE SUPPORT 

— i — i — i — i — i — i — I 1 — h- 

B 1095724 


MANIFOLD ASSEMBLY, THRUSTER 

— i — i — f—i — | — | — i 1 — 

C 1095683 


JUMPER WIRE, MAG BAFFLE 

— i — i — i — * — i — i — i 1 i 

D 1095845-03 


JUMPER WIRE, MAG BAFFLE 


U7-* , 01 , 

A 1 1 35 34 31 15: f 


074 

1 41 35 35 >55 


B 1 1 40 36 47 U53 


1 57 37 '67 


B 19 23 46 38 0 3i 


E 19 22 47 39 


C 19 20 48 40 


G 38 42 45 41 ogg 


31 42 


7 R PR 63 43 




,0\0 TMK.X 1-7 DIA 
Tvpe exes per 
cc? -s * y£S , lcnjd a 


* 3 ~ S o i * 

AL 700 , we*-? f sj 

SC LI5 S rAT|KlL' : M CO. 






, 0\0 TK 10-6 T<>'c 
3<94 C. fc.tr S PI=(Z 
< 2 G -^- 76 es,c< 5 NO A 


.o2£"WX3.4xi.w Ttre 
-3,04 CfJtS PEA. . 


■20 - ' Lr f > 


0\G Tic »S-*7 
3 C4 C.R-ES Per.- 
OuG- - s - 7f- t COPP A 
i • i x • cz. -x . eie. 
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SIZE 


PARTS LIST 


NOMENCLATURE 
DRAWING NUMBER 


T,TLE 30CM J-SERIES ION THRUSTER I 
STANDARD HARDWARE 


REJ 


IPD |T0DL 
PR 


SHEET | 70F 57 SHEETS 


e %, s = = 

a > > ^ 

x r. C- ^ 

o S u- <f 


JUMPER WIRE, CATHODE HEATER 

- 

1095345-06 


CLAMP, GUIDE, 'CABLE' 

L _ . 1 t t — - 1 1 | 1 1 


1095709 


JUMPER WIRE, THERMISTER 

» i 1 i 1 | ; 1 4 - 1 — 


1095845-41 


WIRING & HARNESS ASSEMBLY 


1095845-16 thru 40 i -42 ' 


INSULATOR, WIRE CLAMP 

1 i 1 * 1 — j l 1 — 1 L 1 


1095009 


WIRE CLAMP (STRAP) 

L. 1 1 f ' L - L/_ l t _ ! 


1095008 


TAPE, INSULATION 1 ? 


1 1 i" 1 ! 1 t ■ .1 t I t 1 1 1 

.004 x 1.0 (TEFLON) 


GUIDE-HARNESS 


1027398 


LACING TIE, WIRE ’ (BEN HMO ‘ 


HMS 20-1924 


SHIELD, ‘INNER,’ INSULATOR ' 


1025318 


REAR ’SHIELD ASSEMBLY 

4 ■ ■ f I I f I 1 I f f 


1025316 


COVER 


1026809 


BRACKET, MOUNTING, NEUtRALIZER 

f- ) f- 1 , 1 4 4 I 


1095733 


MASK ASSEMBLY' 


1026462 


SHIM, MOUNTING 


1095754 


SHIELD, 'OUTER, SEGMENT A 


1095121 


SHIELD, OUTER' SEGMENT B 


1095122- 





5? 43 


49 


G 1 1 61 50 I&7 


G ei tz +4’ 51 


2 2 39 52 


2 2 33 53 


A A 

^R /r 70 5+ 


33 55 


a, 

R - 62 56 


B 4 38 21 57 09$ 


1 1 7 58 50 oio 


B 1 1 20 59 



, O 1$" TKXI.7 X. Jrs Zo I 
cress pe-R Aa - £ - 7 ;• 

COUD. y 4 HR.D 




. ozo T«. repwM 

tAli--P-ZZZAt 
1.32. x o” 


■ ooj TKL x w | X .^1 TYP- 
3c$- CR.SS i>£ri 
<3ci -P—7£,& cof >a A 


MIL -P-ZZZ'*! 


VlrSPEL S P- I 

du pout pe 

1-3 X t. 4 X . 3 S 



. c?l U THK X 2-5" oia VrT 
3 04 cRirs PEC?. <30.- 
p-y&6 > c.or-'P a 





1 54 SO 


C 1 1 |6 51 50 069 1093 


A A 
z '' ^ 

R R cr 6 


0 1 1 27 63 


E 1 1 28 6T 




,0'.C TKX^.^CllA bOU-T4 
/.L UMIWWm A <-L3Y 

o_<2,~ a - zsoy 1 1 


,OJZ TK TITA^IU(^ 
5h££-T^ AMS •J'iUr 
com 'u Pu.^e 

1 . 5 - X » . 7S- 


' Olfo rs* 1 1 


,U(?z C4<; "r-v 

le-e tvi'S j on /'?<••> 
Cr-.L : , COUO/S , 33 - 5 

. A A P I A . 


, CLJ C TK <~0 ir ( - 

Alo'm, .^.G-z^-ZS y/\ 1 
IO. | K 7.5- 
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TITI CT I DATE . I REV 

OAOTO I SOT 30CM J ' SERIES ION’ THRUSTER U/!Uv\ A 

PAH i O LloT STANDARD HARDWARE 


NOMENCLATURE 
DRAWING NUMBER 


£ 


s 


SHIELD, OUTER, SEGMENT C 

D lA95l23 ' 1 ' ' ' ' ' ' ' 


PLT ASSEMBLY, HOR, MAN, 3-INLET 

, , — , 1 1 1 1 1 1 1 

C 1095686 (Optional) 


PLT-SPACER, MANIFOLD SEAL 

1 1 - f * 1 


0-RING ( VITON 


PARKER #2-00 


PLT ASSEMBLY, HDR, MAN, 1-INLET 

— 1 1 1 1 1 1 1 1 — 1 1 1 — 

C 1095687 


PLT SPACER, MANIFOLD SEAL 

1 , 1 1 ( 1 ! j f_ — i j 

B 1095684-2 


C-SEAL (PRESS SCI) 


632-U55-0002-2 


L0CKWIRE .020/. 025 CRES 


QQ-W-423 


INTERFACE ENGR MODEL 

1 1 1— — 1 — —I ! 1 1 1 1 1 

E 1095023 (ref) 


Wi Ri no $ harness assy ) 

1 1 1 1 1 1 1 1 p — | 

D J095845 <5. 


WIRG et-ecr, srfLANDCO. IS AV.'6 A, 

1 1 / ( 1 1 1 1 1 1 1 / 

HMS-2-I620B0E9 - 

1 1 1 1 t t 1 1 t 1 1 * 


wire, elect, err ANi cd zoa-j'C 




GUIDE, CACuG . IMSVLATGb 

1 1 1 1 1 1 \> — 1 ) \ 1 

& 1095708 


5 ^ <£ - 


E 1 1 29 65 


REJ 


lu ipd|tool 
9 PR 

<C _ 


DATE . REV NEXT ASS'Y 

2/l'Jv A 


SHEET 1 Q 0F 57 SHEETS 




,OZO r< <£><?6>/ — T4 
Ai-UM. aa-A-ZSo / 1 1 
U'3x 


A 1 1 34 66 51 Ground Test Version 




J j V- 747 - 75 - VITOH 
3 3 54 68 - Ground Test Version 


A 1 1 26 67 Flight Version 





3 3 65 71 | -| Flight Version 


A A 

/ R 09 72 


43 73 


7t 167 






■r-fo 



k - m 


A - 4 {=A 


■2) 2' 




BcAP, ceramic CFISH Sit WE) AO 

1 1 1 1 1 1 1 1 1 1 TV 

COM M CR. CIA L _ At. 


TCP: mI UAL. LUO- (AMP C Cl 





KFT- 

SOO | 

-4(<S3iie) 

23S FT 

^FT-Fooi - 

- 3 (&oRt ) 

1C5 

FT 


/ 23b 

Dl A- * , 6-£5’ C 9 

AL Z <: 


0 

A 

1 

j 

< 

y.r M-i 

r« ;■* ) 

<s.v:r. .{ 1 

4 

3 

< 

\INA 


CLAij Z - „ • 




T" e R M I Ni A LU G- A f ’ 0 t 


321- - 4 


TC r P v I Ni >\ L LUG- AM P P <0 / 





Tl~ QMIN/C L.UC-- ■, AM! t- ‘d • 




18083 HL MAY I 960 



M 1 

if 

If 

IV/ 

U 

(1 

mV 

l 1 

( t 













































































































TITLE 30CM J-SERIES ION THRUSTER 

PARTS LIST E1026510 

Standard Hardware 


NOMENCLATURE 
DRAWING NUMBER 


c £ h- o o 

p $ o -z. 

« $ > §! ^ 


MISCELLANEOUS \- 

1 1 t I l f 

iARDWARt- ' 

f— \ - J - \ } 

102GSI0— 39 ’ 


SCREW' CAP,' SOC HD, 

10-32,CRES*-324 

MS 24673-1 

1 1 I l 1 I I I I I 1 

screw' cap.'soc HD,1 

1 L 1 ' 1 1 

0-32, CRES *^2 L f 

1 7 1 1 - » 

MS24673-3 

SCREW, CAP, SOC HD, 


MS, 24674-1 

SCREW, CAP,'. SOC HD, 



MS 24674-2 


SCREW, CAP, Soc Ht> J 6-32, CR'eS *-85 <4 


MS24-C.74-3 


SCREW. FLT HD, CROSS REC, 6-32, CRES 



MS. 51957-13. 



SCREW, PAN HD, 

{ f — __j 1 \\ 

4-1 

10 ,i 

ires *• 

nam 

MS' 51957-17' 




i i 

SCREW', PAN HD, 

4-1 

10, 

IRES * 

mm 

m S ; 5ij>57f 21 ; 

- 

— 



SCREW, PAN HD, 
... , £ ( - { 7 | 

6 - 

32,1 

-1 

IRES x 

1 

. ZS Uj. 

i — i 

MS 51957-26' 





SCREW, PAN HD, 

-j f j - j ’ 


32, 

IRES < 

b mm 

MS' 51957-28' 





SCREW, PAN HD, 


327 

IRES x 

sxam 

MS 51957-30 





SCREW ^ PAN j«). 

6 - 


IRES < 

1.29 C. r 

MS’ 51957-125 

— i i 

L_~ 


1 ■ i 

m 



WM 1 

REV 

A 

NEXT ASS'Y 

BV f JL 

SHEET 

1 9 OF 57 SHEETS 



10883 RL MAY 1860 


286 























































SIZE 


DATE . 

REV 

A 

NEXT ASS’Y 

BY fJ- • 

SHEET 

20 0F 57 SHEETS 



1S583 RL MAY 1M0 


287 























































TITLE 30CM J-SERIES ION THRUSTER E1026510 

PARTS LIST D1025324 OUTER HOUSING ASSEMBLY [J] 

(Paqe 1 of 3) 


“ { h =«==*==* |f 0 IDOL MATERIAL 

—I r-\ I , i 


NOMENCLATURE 
DRAWING NUMBER 


1.025.324 


. RING STRUCTURE 


RING. THRUSTER SUPPORT . 


1026452-2 

• t i ■ t i t 


. . UPRIGHT,. RING SUPPORT ' 


, . 1026451-.1 


. RING,. TH.RUS.TER. SUPPORT , 


1026194 


1025318 


INSULATOR ASSEMBLY - VESPE 


1095712 


INSULATOR-VESPEL 


1095712-1 


INSERT, SELF-LOCKING 


- 1 < I— Q >• UJ nn 

O > 2= 00 CD rl4 

X 1_ | — >— < 00 <C 

o 5 cr u. < a. 




F I i| ll ll l 


A 




H 13 12 


B 22 38 3 2. 


12 14 23 


14 


I 02 Z 

164 1033 

1034- 
06>2 iooi 


JUftO ,&50 TUK Com'I- 
.’ . ?L)(ze Ti. AMS4TO/»/ 

1 G4 * 

o(,t 


.020 TUK. " 






. 050 THK 1/ 


t Hid/. l?l °’° 
X.l 50 I.D. Ti 


• OlO i'-i!Zi:.T TYpE 

Z c 0/30-4 CREG 

1* 6 £>l A 


,&BS WA *-76 3 L 
VGSPEL SP-I 
e, i , Dupont 




DATE / 

2//S/9/ 

REV 

E? 

NEXT ASS'Y 

BY 

REJ 

SHEET 21 OF 57 SHEETS 






















































































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER E! 

D1025324 OUTER HOUSING ASSEMBLY [ 7 ] 


E1026510 
1 

Page 2 of 3 


DATE / 

REV 

A 

BY 

RE 

■ 

SHEET 


NOMENCLATURE 
DRAWING NUMBER 




h m o **** *’** **** IPP TOOL 

-* < H* o >- ui on T— 

o > N Z W U l K 1 

H— •— « «/) < _ 

U o O' Ll_ < Q. 


1095778-99 .... 


SHIELD, OUTER, INSUL. 


1025317 

t i i i > t titt 


SCREW, CAP, HEX S0C„DRLD JO-32 ,CRE 


MS. 24673-1 ...... 


LOCKWIRE, .020-. 025 (302) . 


QQ-W-423 . . ... 


OUTER SHELL 


1025381 


A 10 24 


B 12 26 5 5 


56 6 6 



1 1 8 8 


1—1 

III 


CEK AM 4-5 CAL HT-ii 
809B<3797-I 


TYPg- 107-/-joq cyz s 
COUb A, <9 Q.- 





.008 THK Ti SltTtj 
Pr.B/.MS A.<\ot>]o\ 

1054 

&AL 4 V TVPE 















































PARTS LIST 


NOMENCLATURE 
ORAWINO NUMBER 


GIMBAL BRACKET, ASSEMBLY 


1026509 


PLATE. FRONT 


1026509-99 


PLATE., TOP 


1026509-98 


. PLATE., BOTTOM . . . 


1026509-96 


. 10265.09-97 . . . . 


. INSERT, THREADED . , 


1026520 


. SHIM, MOUNTING ... 


1095754 


RING, DOWNSTREAM 


1025384 


POLE 


1025383 


RING, UPSTREAM 


1026501 


RING, FORMED, BLANK 


1095851 


TiTLE 30CM J-SERIES ION THRUSTER 
D1025324 OUTER HOUSING ASSEMBLY Q] 


P; H* Ipf) 

h w o 11 u 

- 1 <£ I — Q >- Ul pn 

CD O V IT t/1 CD ‘ 

x yi I — M t/1 <c __ 

u o cr Lu C CL 


E1026510 
(Page 3 of 3) 


f\A/V TER.IAL 





10 

10 

11 

11 

12 

12 

13 

13 


.080 TUK COM'L. 
PURE Ti Pee AMS 
4^00/01 












.002. THK.U .040 TVfc 
TV PE 3o2/jJ>4 exes 

pee ass- 766 ocvoa 


24, 6A(.C24) s H'-C-T 
AISI lo\o/|0IBftR 
QQ-S-t.93 







REV 

A 

NEXT ASS'V 

SHEET 

23 or 57 SHCETS 









'A.' 

Co* yon ... 

7o Hi'f'-S 


























































































291 


V 


PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER __ E1026510 

FI 096363 - RAP KPI ATP A66FMRI Y Mil 

TM/ 

REV 

A 

NEXT ASS'Y 

D1025320 - 

PLENUM ASSEMBLY gH (Raqe j of 1} 

BY 

REJ 

SHEET 

24 OF 57 SMECTS 


SIZE 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

6 

V) 

$ 

1- 

O 

QT/T0T 

FIND # 

ASSY # 

PAGE # 

I PD 
PR 

TOOL 

T- 

MATERIAL 


123456789 

10 II 12 

E 

^ACpL^TE , AS^EM^LY , , , , , 
1025353 i i i i i i i i 

F 

1 

1 

[8 

FT 







E 



1025353 t 99 ...... 

F 

1 

1 

1 

1 




,C?2.0-THK.SH£!?r 
CO M‘L P'JKe Tv 
AmS A^oo/a^OK 




. NUTPLATE, SLF-LKG, 6-32, FXD. 

— 

8 

39 

2 

2 







, Mf21V 70 T 06 l l 1 l l l l 



; RjvEJ, 9SK,HD,JD9j, ^REJ . , 


16 

32 

3 

3 







, HS20427 T F3r3 ...... 



— 1 — | — i — | — | — | — i — | — i — | — | — 












D 

fLEp^SfEMfLYl | 1 | | [ 

J 

1 

1 

1 

S3 


nsy 





_ P? 32 ? , , , , , , , 


D 

i p fv h 

1025320-99, 

J 

1 

1 

1 

1 



■ 

>0\G> THK SHEET 
com’l pote Tr 

AMS A^Co/A^O! 

■ 


D 

MESH j 165x800, CRES 

— 1 1 — 1 — 1 — 1-1 " l 1 — l — l — l — 

1025320-97 

a 

12 

\Z 

3 

2 



■ 

'iOZ./joA CJZ&S 
2.3 

■ 


D 

i D P L Ff .,■■■! 1 

1025320-98 

j 

1 

1 

2 

3 



■ 

. oi& thk sheet 

COAa'L PURE- T'l 
A MS 4100/4401 

■ 


1 

TAB, SUppoi .T 

— i 1 1 — i — i — i — i 1 — i — i — i — 

|OZ£T3ZO~a6 

j* 

D 

B 

B 

B 



■ 

II V II 

lltLXVz ’ • OI 

■ 


1 

NUTPLATE, SLF-LKG, 6-32, FXD' 

i 

8 

39 

1 

5“ 



■ 


■ 


, M$21Q70 T 06, , , . , , , , 



mmmwmmmmwmm 

- 

16 

32 

5 

6 



■ 




r i i 1 i 1 1 1 1 1 1 

... 



ftBia RL DEC 1973 






























NEXT ASS'V 


BT SHEET 25 OF 57 SHEETS 

REJ 
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PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER __ E1026510 

DATE , 

.?//&/?/ 

1 H 1 

uiuao/iy DHrruc a ruLC. hoolhdli £ij 

(Page 2 of 4 


8 V 

REJ 


SIZE 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

* 

CO 

$ 

»- 

o 

QT/T0T 

FIND # 

ASSY # 

PAGE # 

IPP 

PI* 

TOOL 

r- 

SAATER-l M_ 


12 3 4 5 6 7 8 

1 

10 II 12 


1 I 1 1 1 l 1 



1 1 













B 

| ' COVER, POLE PC l 0lj|TER‘ ' ' 

1 * 

1 

1 

f9 

(id 




»03Z x S-'T D ' A . 
ta/M'A ldm , com t_ 
puiz.e 



! , 10^52^43 , | | | | | | 

_B_ 

_ ' ' COVER, POLE. PC, INNER ' ‘ 

B 

1 

1 

J 

ii 




2.. 940 o.O. 

Z « 785 l-D. * 1*4 
T/WMLWM 
CO/vi 'l_ pup.e 



I I I 1 1 11 I 1 1 11 1 11 

i l 10 f 95 ^ 44 1 I I I I l I 

B 

Cqi L , ( MAG NET I cj BAFFLE , 

& 

1 

1 

19 

2 




PORCHA-SC r(lPL\ 
SCtACO WC. COM 

coppcn. - MAO’CW 



l 1( } 254 . 24 

— 

TAfJT. foil strip 


3 

3 

1 

( 1 ) 




c ,on*‘L put a.e 



. ZX .IZ. X .00 5 


j CLjoiq, cores’ (c|oil,‘ cojvERj) j ‘ 


A / 

F 


20 

3 




4 ,o a • RGcr. 



, .CJ035 ( x9^ SqR FjESq ( 30 4 L ) ] , 

B 

' SHIELD ASSEMBLY, INNER ' ' 

A 

2 

2 

10 

4 







1095811 


B 

SHIELD, KEEPER 

— 1 — l 1 1 — l — l — l 1 — l 1 — l — 

1025266-1 

/"• 

1 

2 

Ci 

i(i 

) 



,©io sweeT 
l«T-*y TVPCT 304- 
C(l£5 Cowt) A 
GQ-S-7C>G, 




, , CqOTq, CjRES, (SjHIEjLD pVjER), 

. . .0035, x94 SQ MESH !(3Q4L), ! 

— 

\ 

R 


(2 

)(2 

) 



, (,10 X 2-0 AMD 

. £-25 WA- Pieces 



B 

, I IS|S ULjATqR , KjE E PjE R F ( EM/y.E ( , 

l 10,25^67-1 ,,,,,,, 

C 

2 

2 

8 

5 




. 37 S op. y.zcs/o. 
X .64./ AL 300 
Al-U/MITJA. USCCT- 

ero i <sot-o 4 pur. 



B 

. SHIELD ASSEMBLY, .OUTER . . . 

— 

2 

2 

9 

6 







1 10 I 95E P I 1 1 , i 1 i 1 


JL 

, .SW .11111! 

1026447-1 

rr 

-L 

23 

M 

ill 


* 


,£310 THK. 14-4! 
TYPE 304- cees 
COUP A OA-S- 7,5^ 




eats Rl DEC 1973 
















PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 

D1095719 BAFFLE & POLE ASSEMBLY 


NOMENCLATURE 
ORAWING NUMBER 



t: =«= =* {pp 


£ S PR 

tn c 
•a: a. 



, CLOTH, CRES, (SHIELD .COVER), 


0035x94. SO, MESH .(30.4L 


KEEPER ASSEMBLY . - 


_ E 10265 10 

' dD 

(Page 3 of 4) 


MATERIAL 


*|*M XZ..O 
, (,-ZS C>IA PIECES 




.OG 7 . TH< x, 3 l 2 . 

X 2.312 ACC 
CAST MOLV PER 
AMS 7SO\ 


. 1 35 E>IA X438 L 

AfLC CAST MOLY 
/.MS 7 300/ o\ 


7/8 A !/ a STRIP 
94 S<a MGSH • 

•uiRE 304 CGCS CWM 


.oq4 l.D. X .375 0,0. 
AL 300 ALUM 11/ A 

turrsrevuj gold # 
Platimum, co. 


. CIO THK X I.JTDIA 
BIAU< 304 CfJCS 
coup A <?f?-S-76£ 


J.2SO 0.0 X .06-Z, 
TKK. A-151 [<7(0/ 
10 18 STEEL gar 



date / 

s/fe A' 

REV 

A 

/-■s 

NEXT ASS’T 

BT 

REJ 

SHEET 























































SIZE 


PARTS LIST 


T,TLE 30CM J-SERIES ION THRUSTER 


E1026510 


NOMENCLATURE 
DRAWING NUMBER 


D1095719 BAFFLE & POLE ASSEMBLYIi] 

(Page 4 of 4 


MATBlZlAL- 


n « o 

J < i— 

9 > > 


« 5 o' u. 


=»;=**==«= ipp 

Q >- uj __ 
z w a p/2 
to «c ' 

Lu C a. 



H 


AN. 96.0-C4 


JUMPER WIRE, CATHODE KEEPER 


100584-?- 07 


SCREW,, SOC HD, ,4-4 


NASI 3.5 2C.04-.14 


WASHER, Jfo 


AN 960-C8 


NUT, HEX, PLAIN, 8-32 


AN 340-C8 


C 3 3 11 11 


A 2 2 15 12 


2 30 14 13 




2 2 13 15 


6 16 17 IS 


3 3 18 17 












.OIO TMK X -2.3 OIA 
BUAUK 704 C.RES 
cok ) t> a, &<si-s-7&£ 


. C3lS X • 144 D»A 
BLA-UK 4 PCSl 

J 04 LCRES CotJbA 


DATE 

3-14-gO 

REV 

NEXT ASS'T 

BV 

REJ 

SHEET 28 of 57 SHEETS 























































PARTS LIST 


■ ftM 

I 

I 


TITLE 30CM J-SERIES ION THRUSTER E 1026510 

B1095712 INSULATOR ASSEMBLY, VESPEL (D (Page 1 of 1) 
D1026485 REAR BRACE ASSEMBLY |£} (Page 1 of 1) 


NOMENCLATURE 
DRAWING NUMBER 


INSULATOR ASSEMBLY- VESPE 


£ in »- 

h oi o 

- 1 < H- Q >- UJ nr 

o m I cj r H 

21 1 _ (— H 1 /t < 

o 5 cr u. < d. — 


=*fc =«= IPt>|TOOL 

Q >- UJ nn 
ZZ 00 CD T JW 


MATERIAL 



RjEARj BR^CE, AS^EM^LY , , , , | 

D 1026485! . . . ! . ! . : H 1 1 


1027343 15 2 2 11 


BEAM, CURVED 

— I — 1 — i 1 1 1 — | — i — I — 

1027367 . A 2 2 6 2 


BEAM, STEPPED 

— l — i 1 — i 1 — | 1 — i — i 1 — 

1027368 A 


• C73Z/5 TMK Yi 
5neeT' Ams 4<\coIca 


BR|\CKjIT >t TEpiI|ML [ , , , , 

1027345 . ... A 


GUSSET 


1095097 . . . A 8 8 2 5 



.37 5" C>IA» * l '06 1 
-j-itaa'iuaa Com l Pure 
AMS 41 oo/oi 



z n un 


BY SHEET 29 OF 57 SHEETS 

REJ 


















































































297 


1 


PARTS 

i 

LIST 

TITLE 30CM J-SERIES ION THRUSTER 

C1026624 CATHODE ASSEMBLY, C 

E1026510 

2 ) 

OATE . 

Z./lU't! 

REV NEXT ASS'Y 

r-*\ 

:iV[27| 

(Paqe 1 of 

BY 

REJ 

SHEET 30 OF 6 / SHEETS 

SIZE 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

6 

(/> 

$ 

H 

O 

QT/TOT 

FIND J 

ASSY # 

PAGE # 

lPt> 

PR 

TOOL 

r- 

MA-TB2JAL 


1 2 

3 

4 rl 

6 

0 

8 | 9 

10 II 12 

C 

CATH 

DDL 

ASSEMI 

3LV 

.. CJ 

[V-. 

I l 

& 

1 

1 




053 





1D26j624 . 

36 

27 

B 


!> 

1 

1 

1 

1 




>2.(^0 O.o K -°\o 
WALL y 1.7 1-9 TA 
com'l pufie 
s^amles^ T^eiNG- 


- 

_._,.iP^54j33-^_ | | | | | | 

B 

DISK, ORIFICE , , , , 


1 

1 

4 

2 




•Z35" DlA X.O^Lg 
2.‘/o THOR IATGO 

TL>U<SSTEfO 


1 

l 10 ^ 63 | 70 ,,,,,,,, 

C 

..,FL/\NGf i i i i i i i i 

£ 

1 

1 

3 

3 




x>ia X.£?4 
TA Rod , mm' l 
Pure 



,1(^6371 1 1 1 1 1 I 1 l 

B 

. HEATER, CATHODE 

E 

1 

2 

13 

4 


IbG 


c.o/±X TA - M&O-rA 
PUflCHASGli PART 



.;.io^52js2 ; ; 

I 1 1 1 1 1 

B 

CLAMP 

— 1 — 1 1 1 — 1 — 1 — 1 — 1 — 1 1 — 1 — 

1026374 

C 

1 

2 

12 

5 




.Ze.5-X.370X.l35’ 
TA GAR., COM' L 
PUr-iG 



B 

| 

i 1 ( ¥ 66 P 4 i i i i i i i i 

5 

1 

1 

2 

6 




1.5 OlA X.ZSO L ? 
TA GA(2 COM 1 L 
PU| 2 .e 



B 

, INfULjvrojl, j4EA I TER | T^RM, , , 

, 10 f 45 f 9 

J 

1 

5 

8 

1 




.054 ao. X..OA <■». 
k .094 1-9 al 200 

aluau*M_ wcrsrcRii 
G-<old t furw^M 



B 

-f T W ALp.COftX Hjy., 

lO^-jl-Op ,,,,,, 

c 

1 

1 

1 

8 




. \56 X.3IZ X.GI 
TA EAR Com'l. 

poize 



B 

— h- W — i — i — i — i — i — i — i — i — 
. 1 W 5 -f l . I I T I I , 

B 

3 

3 

5 

9 




• OIOX.035 X UOLy 
TA STRIP, COM'L 
PURE 



1 

— 1 — 1 — 1 — I — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 

1 

1 

1 

1 

1 







1 

— 1 — 1 — 1 — 1 — 1 — 1 — 1 — I — 1 — 1 — 1 — 

1 f 1 > 1 I I « 1 1 1 

1 

1 

1 

1 

1 








,1 


esie ri ore ists 































SIZE 


30CM J-SERIES ION THRUSTER E1026510 

C1026624 CATHODE ASSEMBLY, CIV |27. 

Paqe 2 of 2 


=*fc =*te =«= £pp 
Q >- UJ c- 

2 W U Pf< 



MAT££JAL 


REV NEXT ASS'T 

!/"/?/ I A 


BY SHEET 31 OF 5/SHEETS 

REJ 


. OI0X. 025'X*S3 L? 
TA STRIP COtVL 
PUR£ 


.•200 X “3.5 L 3 x 
. (POOS' TH< TA 
FOIL , COm’L 

pu/z_e 


PURCHASED PAPr 
F(I0y» SPECTRA -MAT 
'x/ATSC/J'JICLfi CA 


POROUS TUfJOSfCM 
vo/BA-CA'AL IMPING- 

-t:i: i ratio 


.oeo DIA X, 9 jLj 





















































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 

D1095763 ISO-VAP ASSEMBLY, CATHODE 


E1026510 


NOMENCLATURE 
DRAWING NUMBER 


SOLATQR-VAPQRIZER ASS.Y. .CATHODE 


095.763 


6 

</) 

% 

H- 

O 

QT/T0T 

1 

1 


<C I Q. 



|Pt> 

PR 

Tea 

r- 

I5T 

1013 

ID 1 1 


Page 1 of 5) 


MATHISIAL 



PLUG,. POROUS 


10.957.71 


PLUG,, P0.R0U 


1024925 


. HO.USIUG,. PLUG,. VAP0R.IZE.R . 


, . 10.957,64 


, MOUNT,, VAPORIZER,. CATHODE . . 


. 10,957.66 


HEATER, VAPORIZER 


1095135 


HOUSING,. VAPORIZER RT.. AN.GL 


1095765 


,TD . 


10957.67 


TRANSITION,. TUB IN 


.10954.61 


FEED TUB 


1095016 


12 3(0 


W i 2 


12 2 ( 2 .) 


All 42 


B 1 2 14 3 


A 1 2 1 


A 1 2 16 5, 


2 7 15 6 



, DIA X.OFTHK 

8 0% PENSS Por- 
ous TOU65TCM 
Pi m e M A D PART 


,2.70 D/A X-BST'-g 
Ta- bar. com'L 
PURE 


. DIA X-2-3 3 Lg 

TA BAR., CO fVL 
PURE 


PURCHASED PAET 
CoAX UJCOUEL- 

wso - n taitor.<e 3Z 


.2.6*3 DIA x .57 L0 
TA ROD, com'L 
PURE 


• 3<S 4 X.l 3 X-43 
TA (3AR. CDR\’L 
pURLE 


. (68 WAX .35 
304 CUBS R-OD 
coMD A <a<a-A- 
763 


, o&Z o.D X.oto 
u^AI-L 32.1 CT<(?S 
TUBE lO- 
im 1 i_ -T- Sf3 OS OWDA 


dQMHCSSU 

mBSEBBBi 

NEXT ASS’T 

BV 

REJ 

SHEET 

32 or 57 sheets 


























































































E1026510 


DATE . REV NEXT ASS’* 

W'*/*' A 


sheet 33 or57 sheets 


























































































301 


1 

PARTS LIST 

T,TLE 30CM J-SERIES ION THRUSTER E1026510 

D1095763 ISO-VAP ASSEMBLY, CATHODE 23 

(Page 3 of 5) 

OATE 

3 - 2 r- < ?tf 

REV NEXT ASS’r 

BV 

REJ 

SHEET 34 OF 57 SHEETS 

SIZE 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

£ 

</> 

§ 

H 

O 

h- 
O 
1 — 
% 
1 — 
O' 

FIND § 

ASSY # 

PAGE # 

IPP 

PR- 

TOOL 

T- 

MAT£I 2 JAL 


1 | 2 

3 



6 

7 | 8 

• 

10 II 12 


1 








1 

r - *1 



I 1 













B 

! Iflang, 

E, jsOLATOR OUTLET! ! 

A 

1 

1 

a; 

(i- 




l .5 DIAX.5-1 L<? 
TTPE 304 L CRC 5 
CONb K l aa-s-iu> 



j Iwfesfg-jL .j j , j , , 

C 

.HEATER, ISOLATOR,. CAJHOpE . 

A 

1 

1 

e; 

( 2 ! 


l&S - 


PUR.OIAS.SO PARr 
COAX \K)COK)GL.- 
<?- NICHRPME 52- 



■ ■ 1 ■ .1 1 1 — 1 1 — H 1 1 r 1 — 

1095721 

B 

FEED T UBf (,09) 

h 

1 

1 


ft 


052 

I0Z3 

,004- O-D.X.OKG 
WALL. 32.1 CRSS 
TU| 2 (= MIL -T8H06 
4*7 l_9(Appjtr>>0 




. . 10 ? 66 p 6 

B 

, , CojsINE jcTO 


fEE'p TjiBE, ' j _ 

A 

1 

1 

_g 

R 




1.5 PI A X .1 8 Lg 
304 L CRGS QO - S 
— 7 C- G 



■ ■ 10 ? 66 P 2 


i I 1 l i 

B 

H^H3338RfnMSR^I!fM73 

P , , 

c 

1 

H 

1 

R 

R 


■ 

k,I5x, 6 Ij 
2 00 KJIOCGL &».R 


... 

1095713-2-04 


j j 

B 

' INSULATOR, HEATER' T 

IRM^NAL 

J 

1 

5 

I 

R 


1 

■ 

. 0.‘.’4 O-P.X .04-l'D' 
AL 3 OO ALUMIUA 
u/E=5TC=r:ra CrOLO 

4 plahnuka 



1024529 

1 » i 1 « » 1 1 

1 1 

B 

'flange. ISOLATOR MOUNTING ‘ 

— 1 — 1 — l-i — I — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 
1026518-2 

A 

1 

1 

9 

15 


1 

■ 

2.2.5 DIA.-X.E5 - Ljr 
3P4L C42ES BAR 
Q<a-s-7c,o coub 



B 

BRACKET, TERMINAL 

— 1 — i — i — 1 — 1 — 1 — i — i — 1 — 1 — 1 — 

1095769 

1 

1 

3 

18 

16 


1 

■ 

1-5 DIA X -SOG Lf 

■3041 cczes er-fi 

0A-r-7&3 C* IAJO 



b’ 

I SH ) EL P- PP 

I 10 ? 65 ? 1 1 I l-l til, 

£ 

1 

2 

12 

17 


05C 

1 ozz 
ioz\ 

1 O l 7 
1014 




B 

, .. .-I-,, i 

I I 10 ? 65 ? 1 -? 9 , -I l 1 , . 

£ 

1 

2 

H 

H 


1 

■ 

5-.0 X \.04- X .003 
IHK TYPE 302/304 
CKES C.O;J D A 
NUL-S-.50.5 9 



1 

— i — l 1 — l — i — 1 — l 1 — i 1 — l — 

1 

1 

1 

1 

R 


■ 

■ 





8BIB Rl DEC 1973 



































PARTS LIST 


NOMENCLATURE 
DRAWING NUMBER 


SHIELD .CLAMP., L 


1Q26920 . . . . , 


SHIELD .CLAMP, R 


1Q26921 


AP , 2-.56.CRE 


MS 16995-2 . . . . 


NUT, HEX, 2-56. CRES 


MS 35649-244 


SHIELD, OUTER 


1026538 


SHIELD 


1026538-99 


. . SHIELD 


1026538-98 


TITLE 30CM J-SERIES ION THRUSTER E1026510 

D1095763 ISO-VAP ASSEMBLY, CATHODE (HI 

Paqe 4 of 5 


MAT&ZlAL 


CLAMP .. LH 


1026920 


CLAMP,. RH 


10269.21 . . 


SCREW., CAP 


MS. 16995.-2 . 


MS35649-244 


p* =&= (PD 

h w o 

— 1 U— •*>- I I I 


— <c h- q >- uj pr> 

2 > z w a rlc 

X P I— •— I (/) c 

U 5 O' Lu C CL. 


• 30 *.19 x.cjil/.ois* 
thick- 304 crt.s s 
STRIP, CON'D A 
Qa-S-7C,C> 











p- 1 2 | 111 18 


1 2 


1 2 (2 ) (2 


A i 


A i 


nr. (0 <3 
abi i ozz. 




S’.S'X .73 X.O03 
THICK 30Z/7O4- 
CR&S STRIP COKJ0 a 
H.l- 5*-5o59 


4*9 X -3 G x >Oo 3 
.7: ' THICK 3 o?_(?o4- 
iOlb cj’''S irfilP ffflUOA 
|0|4 MIL- ff- 5*059 













DATE 

> -2«T-7Z' 

REV 

NEXT ASS’Y 

BY 

REJ 

SHEET 

35 or 57 SMEETS 


















































































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 
D1095763 ISO-VAP ASSEMBLY, 


E1026510 


LO 

S N 



NOMENCLATURE 
ORAWING NUMBER 



£ £ £ ****** (P D TOOL 

- 1 < t— a >- uj on "r_ 

g > s z w u I 

p; h- I- ' 1/1 <C _ 

o 5 cr u- c o. 


& 2 6 21 


13 2 6 22 


NUT, SHOULDER O^SlSTOfiLSO 


R.44Z2.e-2p-02 


R 44671- IP 


. BONDING AGENT .(DYLON) . 


SLEEVE, SENSOR 

— I 1 — i 1 — i 1 — (- 

B 1095738 



.SCREW, PAN HD,, 0-80, CRES **,62. \-3 


COMMERCIAL 


CATHODE |Z9j 


mat^riae 



AZJd <2I>.X .OUT. l-t> 
x . 177 ‘-y M-ZOO 

alum l/UA , u>fstc;pu 
G-OLO <5 PitriyJUiiA 


0\TT£> Zyccpr 
v I Z.7 *-<]' 


, Ho Dl a X .095 Ld 

type 304 e-R.es 
cojl/dA Q <4-2-76 3 


PuRcuAset> 
SHIPPS2 LZ/TW 
ASSY NO 23 BEUM/ 


PURCHASED PA/iT 
MAO? TO OP-DEfe 
BY PF.5lSrop.£X INC 


PU/.-.CMA2C-0 p/ rAT 
MAOE- lUrO ASSY 
NO 23 G>Y PEJisr^- 
flex iUc. 


. 12.5 0 -DX>oG l-D. 
,X,3/2. L4 AL -JOO 
ALUMIPA. WLCrC-:} 
Goto <9 PtATINUM 


puaoHA5ED PAPr 



REV NEXT ASS’r 

A 


BY SHEET 35 OF 57 SHEETS 

REiil 
















































































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER E1026510 

C1095755 ISOLATOR VAPORIZER ASSEMBLY, MAIN M 


NOMENCLATURE 
DRAWING NUMBER 


ISOLATOR-VAPORIZER ASSEMBLY,, MAIN 


{£ io h- =*==#= =*= (PD TOOL 

<t H- □ >■ iu pn T— 

0 > x z w ta ‘ K 1 

1 u- I — ►— * LO 

O 5 CT Lu <C CL 


1012. 

152 jotl 


MATE&AL 


DATE , 

-ft- fa* 

REV 

NEXT ASS'Y 


SHEET 

37 Of 57 SHEETS 



1095770 


HOUSING,, PLUG,. MAIN VAPORIZE 


11 3 (0 


H 1 1 


All 2 


t MOjJNT^ MJ1IN VApORpEp - ^ t 

, 1095758 ...... . A 11 42 


HEATER, MAIN VAPORIZER 

4 1 l-^-l 1 1- — I 1 1 1 1 

1024917 , F 1 1 5 3 


STRAP, HEATER RETAINER 

-I — i — 4 — i — i — i — i — i — i — i — i — 

1095027 C 


t HOUSING^ MAIN yAP. (RT. ( ANfLEj 

1095757 A 1 1 1 5 


MOUNT, RTD, MAIN VAP 

4 — l 1 — I — I — I — I 1 — I 1 — I — 

1095759 - 1 1 21 6 


TRANSITION, TUBING 

4 1 1 1 1 1 1 1 1 1 1 

1095461 C 2 7 16 


151 1078 


151 


.-63 C DIAX- >OG 7KX 
73 % DENSE: POR- 
OUS TUWfiSTEw 
pUftCHASEh PART 


,7/7 0.0 x. <&0 I- 0, 
TANTALUM , COm’l 
PURG 


. 7/7 0 IA.X . 39 ! Lf 
TAUT-ALUtt COm'L 
PUCE 


PURCHASED PACT - 
COAX lUCOUEL-MOO 
-f jlCHWBSr 


, | X > 03 7 'OOZTAt 
STRIP, 302/.? 
ctC-.' fAlL-S-SOSg 


.717 C?lA X .54 
TAwtalum^om'l. 

PURE 


,23 PIA X, .34 Lc7, 
ta/otalum. COM L 
PUfZE 


, I &8 OlA X.35 W 
-304 cR.es COM DA 
0^-5-703 


a 8 1 S RL DEC I 97 S 


X 


I 


t 


















































































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 
C1095755 ISO-VAP ASSEMBLY MAIN[34l 


E 1026510 


laneiwam 


NOMENCLATURE 
DRAWING NUMBER 



£ £ g *» it, * IPO TOOL MAT^R/AL- 

-* < h- a > uj on -t- — 

52 > '*«. z w u c A 1 

e !_ j— «-« i/i <c _ 

u 5 cr u_ c a. 


FEED .TUB 


10350.16-3 


. PLATE, ISOLATOR- VAPORIZER . . 


1095760-2 


ISOLATOR. ASSEMBLY. 


10254.98 


1024208 . . . H 1 2 


RING, ISOLATOR BODY 


1024919-2 


RING, BACK-UP 


1025499-2 


RING, ISOLATOR 


1024920 


MESH, ISOLATOR 


1024216 


SOLATOR 


. MESH,. EN.D CAP 


1026093 




<OQ>Z. O. D X.OIO 
WALL ,32.1 CJ2.es 
TUBE, MIL-T-f3£Z>g 
C-&KJO A , S '5 L<J- 





VEJO&oR BCAZ-ED 
HRL 5CJJ-PUES BODY 
A &VAR ftlMG-5 


W36 O.D. X 1-155 l-fc. 
X .905 Ly /AL loo 
AlOtUtJA , USCSTGfcjJ 
G-OLD rj fWT.'*A>M 


3.0 DlA X. 07. TUK 
EJ_AMK K.OVAR OR- ■ 
WW C FORMED F/^Rr) 







{•135 G-O? X . c'T |-P. 
X -135 LV At- 200 

ALUMINA U-GSltRIJ 
C-CX-lO Q P(v\TI KJVtA 


1 3 t>lA DISK. - 
ic,5 xMoo(rtn, 
filter cloth) icq 2o4 
cr- : 5ft'io 5'uj< f *r$) 


1-5 WA X -5TI Lf 
3 04 L CGC5 COUDA 
EAR, <R<3-5-7AA 


ZOO X (vOO RHCT 
Mt=SH (Z2> Mtcpou) 
i°A L CfiES ,8 DlA 



DATE REV NEXT ASS'T 

Z-ZC-’TO — 


SHEET OF gy SHEETS 























































































_ - TITLE 30CM J-SERIES 

PARTS LIST C1095755 ISO- VAP 


ION THRUSTER 
ASSEMBLY, MAIN 


E 1026510 
(Page 3 of 5) 


NOMENCLATURE 
DRAWING NUMBER 



.BKACKp.JEpp, , , , , 

B 1095769 


, TERMINAL . . . . 


B i . 1024529 


F yi h ***5 

h 5 o 

-* 5 t i — o 

« > > z 

u 5 czr lu 


F> 11 15 


A i i io 


DATE 

p/il/'Z) 

REV 

/. 

NEXT ASS’T 

BY 

REJ 

SHEET 

39 or 57 SHEETS 


>. LU 


(ppm MAT(=T2/AL 


S PR T- 

<C 

Cu — 



SHIELD, 1 

rHERMAI 

, j — 1 

L TERM 

I I 1 t ) 1 

‘ 1095418 ’ 

1 1 1 L 

1 1 

1 t I 1 1 1 

‘ NUT 1 , SHOULDER C^SlSTOFLey:') 


SHOULDER, MODIFIED 

— I 1 — I — I — I 1 1 — I — I — I — 

1095397 (3 1 3 26 


SHOULDER 

1 1 1 1 — H 1 1 1 — H 1 , 

R44671-1P (RESISTOFLEX) - 1 3 f 




PURCHASES PART 
COAX UJCOVEL-WO 
-tJICMRCHS 5T 


Z.2S DIA X.Zic 14 

304L CRC-S BLR 
COWO A £J<3-S-7££ 


|*48 Dl* X .52. L? 
(makss s-C parts) 

20 A L C. RES, Qffi-S- 


. 094 O'D. X *04 I.P, 
/tl_ 3^0 ALUMINA, 
\A> ESTER M C.OLD Q. 
PiatimOm 


. 317 - * -‘5 X‘ 6 I Ly* 
200 WICKGU 


.f2-5 O.px ,OC,Zl-P. 
X .177 <-y ALJOO 
A t-'JM ( VA , UJCShAJ) 
Soto & PLATttJVto 


,\ZS~ 0.0.x .o<se P£>. 
X.I47 Ly' XVL 500 
ALOMIMA, UJESfCi.O 
<301-0 <5 P'ATlNUfO 


• 107 DIAX.onS L<j 

j <?4 eees coiuda 

QGI-S.-7G2 


PUP.CH A 500 PAfcr 
SHIPPED R4T1I 4 24 

RELClO 


PURCHASES PART* 
MADE- TO ORDER. 
&Y REil5TDFL£X INC. 


PURCHASES part 
made I^TO . .424 
BV RES/STOPU^X 
W 3 C . 

























































































PARTS LIST 


NOMENCLATURE 
DRAWING NUMBER 


BONDING AGENT .(DYLON) 


TITLE 30CM J-SERIES ION THRUSTER E1026510 

C1095755 ISO-VAP ASSEMBLY, MAIN [ED 

(Paqe 4 of 5 


£ £ =«==«==*»= l P£> TOOL MA-rei^AL 

“* < I — O >- Ul P(? T _ 

O > -s Z n U rl ' l 

y- I — h iyi < 

u 5 cr u. < a. 


3225 


DATE , 

3 ./ •;/<•• 

REV 

A. 

NEXT ASS’Y 

BY 

REJ 

SHEET 



10,957,38 


SENSOR, .TEMP . . , , 


146FB200 (R0SEM0UNT) 


SHIELD, INNER . . . . 


10.265.41 .... 


1 3 28 26 


1 3 22 27 


B 1 2 13 28 


1 02 6 54 1 -*9 9 ’ ’ |B> 1 2 


10,26920' ;;;;;; ia i 4 (2^2 


SHIELD CLAMP, RH 

— I — l — I — l — l 1 — l 1 — l — , 

1026921 A 1 4 (3 


SCREW, CAP, 2-56, CRES 

— I H — I — H — I 1 1 1 1 — 

MS 16995-2 - 1 4 (4 ) (4 


NUT, HEX, 2-56, CRES 

— I — I 1 — I — I 1 — I 1 — I — ,, , 

MS 35649-244 ~ 1 4 (5 (5 


.IZ. 5 - O < P . •*.£>£» 

I -P X .3IZ L/ 

AC-700 ALW^llvA 
\jjESTP-t-i 4 P ®" r ’ 


PCJR. CHASED 
PAR.T- 


>50 X-l S X.OI2/.OI5 
THlC-VL 304 CReS 
5T71I P COMO A 

<aa.-s-766 


8818 PL DEC 1975 


































































I 


PARTS LIST 


TITLE 30CM j-series ion thruster 
C1095755 ISO-VAP ASSEMBLY, MAIN 


E1026510 


(Page 5 of 5) 


NOMENCLATURE 
DRAWING NUMBER 


If) I — =*fc =«= fpl> 

wo lc v 

5t I — Q >- UJ no 


1026538 


B 1 2 14 29 


SHIELD 


1026538-99 


B l 2 CD 



. SHIELD . 


1026538r98 


B 1 2 


, SHIELD .CLAMP' 


. 1026920. . . . 


. SHIELD CLAMP - RH 


A 1 



1026921 


A 1 





SCREW, CAP 2-56, CRES 


MS16995-2 


NUT, HEX, 2-56 CRES 


MS35649-244 


SCREW, PAN HD, 0-80, CRES 


COMMERCIAL 


NAS 620 CO 


HEX.. 0-80. CRES 


NAS 671 CO /AN 3^5-CO 





2 6 31 30 




2 8 29 



2 8 3013?. 



5'<5X-73 X -OoZ 
THk 30-2.1 JA4 CUES 
5TRIP CofJO A 
S-5-OS9 


4.9 X-Z& X-Oo'i 
TH< iO'^/304 tzRBZ 
STRIP C.Of.JO A 
MU - r J-SO'S0 


.01 z/. Ois X- 19 

X .9(3 304 cues 

SIRip, as-s- 766. 


ATE . REV NEXT ASS'Y 

iliz/9./ I A 



SHEET 41 OFgy SHEETS 








































































309 


~) 


- ~i •' V I 


8 

PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER E1026510 

E1095773 NEUTRALIZER ASSEMBLY 3S 

Vhh 

REV 

A 

NEXT ASS’Y 

(Page 1 of 11) 

BY 

REJ 

SHEET 

42 OF 57 SMEETS 


LJ 

if) 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

ft 

CO 

$ 

h- 

o 

QT/TOT 

FIND # | 

ASSY # 

PAGE # 

1 PD 
PR. 

TOOL 

T- 

MATE72JAL- 


12 3 4 

5 6 7 8 9 

10 II 12 

D 

NEUTRALIZER 

ASSEMBLY 

1 _1_ 

B 






155 

\0Z7 




i op 57^7 3 ( , ; ; , , 


41 

35 

C 

'BRACKET NEUTRALIZER ' ' 

C 

1 

1 

2 

1 



1095 




1 1 1 1 1 1 1 " I 1 "! 1 1 ' 1 

| 10 P 3 P 4 I i - i i iii i 


C 

. . BRACKET, FIAT PATTERN .NEUTRL 

A 

1 

1 

CD 

a: 




A'Osr * 5-it* x 

. 03Z THk TlT/utUFI 
5H0ST, AMS A £ \00{6\ 



1095593 

1 I | - j- - J _ | f J 11 1 

_C_ 

' BRACKET,' MAIN SUPPORT 

H 

1 

1 

6 

2 







1 f 1 ■■■ 1 1 1 1 1 1 

. . ig mi 


C 

- . B F 

<et, farmed, .main suppt. 



1 

1 

(l 

CD 







1095 

» * i 

809 

C 

bracket', flt. patt/mn'su 

J P. 

B 

1 

1 

-1* 

-1- 




3.37 KAn V .032. 
thk titamium 
SHcer t ams 4^oo[ci 



. 1095592 


NUTPLT, SLF-LKG,' 6-32,' COR 

_ 

2 

2 

(2' 

V 







, , NAS f398 t COf , , , , 



, . RIVET, CSK.HD,100° ..062, pRE 

3 

4 

4 

(3> 

(3 







. . 2 ? 4 P F P 3 i .ill 



NUTPLATE, SLF-LKG. FLTG , 6-32 



2 

14 

© 

« 







MS 21076-L06 


_ 

’ ] RIVET, CSk|hd! 100°! .094 A1 

— 

4 

4 

(5 

a 







MS 20426 AD3-5 

















. 




' 










8SH Rl OCC 1973 



PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 

D1095773 NEUTRALIZER ASSEMBLY! 


E10265 10 


NOMENCLATURE 
DRAWING NUMBER 


£ w I— =*»= 

h to o 

52 >1 ^ z oo 

I (. I— M W 

<-> O CT U. < 


IPD TOOL MATB 2 JAL 



S PR T- 

< . — 

D. 


.GRAPHITE. COVER, OUTE 


.BRACKET,. TERM MTG . 


.1095729 .... 



A 2 2 18 1 5 


A 1 1 12 6 


£ 1 1 5 


1095291-S 

9 

’ INSULATOF 

l, OUTER 

1095293-S 

9 

‘shield, I 

NNER 

' 1095292-S 

9 


II 1 1201 8 


6 6 32 9 



B 6 6 28 10 


A 6 6 31 11 


A 8 6 30 12 


I 

I 

I 

I 


SWIM , KiEUrRALlZER 




i.syaw x.os’Tr ik 
(SfeApHtre type- 

HPD-I (POCO GRAPflj 


\ . q X . S I X * OS' 
THK £>GAPMTfL 
TYPE- UPD-lKpoco") 


|.I9 X I • 55 X-05~TK 
graphite type 
HPD-l (toco grm>h) 


.©S X *70 X>OiZ. 
Tlltc. titanium 
CDm'L ptUf.-'li 

apas 


I.Z5" X.9SX.38 
Afitl CA 5 T p\oLV 
AMS TS'Ol 


X .31 X .015" 
THK NICKEL 200 



■ 



|*8 blAX.o | 
THK 3<?4 Cfc.ES 
SIIC?<?r 0)U-S-1G£> 


. 274 - op x. 187 i*o. 
X.307 Lg- Al 3 00 
97 % lA/fcrent 

601.D ' pCATtHUM 


1*8 DIA X* Ol THK 
ELAN K 304 CRK 


1*6 D/A X-£>l TH/1 
&IAPX cP-ES 
<3.« -'Z-yC’Cr 


REV NEXT ASS’T 

A 


SHEET 43 OF gy SHEETS 
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t 


PARTS LIST 


TITLE 3ocm J-SERIES ION THRUSTER 

D1095773 NEUTRALIZER ASSEMBLY 


£1026510 


S5 - 


/Page 3. of . 11 V 


DATE , 

REV 

r*. 

NEXT ASS’Y 

ar 

RF.1 .... 

SHEET 44 OF 57 SHEETS 


UJ 

N 

C5 


NOMENCLATURE 
DRAWING NUMBER 


10 II 12 


l PD 

PR. 


TOOL 

T- 


HaATE&AL 


-1 — I — I — I — I- 


— I — I — I — I — h 

SH EELp,. pUT ER , 


1,6, DIA X.OI THK 
BLAMK ><97- C.(i £ S 
q.q-S—7C>G> 


10?52p l- p 7- 


1 — P 


A 


21 




10p52p4-p9 


^ L 


A 


21 


11 


. Z74 o.a x .us 

|.0. X.38L? 97% P 
At- alumina 
wh-sthm <iuo & PlaT 


SHlEip, PUT^ R 


10p52pl-p5 




A 


31 


16 


|,7 OlA X.OI THK 

BLAUC 

(flGt- S-766 


7 1 1 1 h 


h-H 1 1 1— 

CA|H0lj)E tj\SS^MB^Y. 


C_ 

B_ 

B_ 

B_ 

B_ 

B 


10^52^3 


NE^TR^LI^ER 


H 1 h 


c 


17 


093 


END 


£AP 




l(j)95^90 | 


m 




."38 DlAv X \<° L^ 

TANTALUM bar 
COM'L PURE 


D^SK t ORIFICE 


1025431 


7 h 


c 






i Z 35 CM AX . OBZ 
THK 2 %> THOPlAP- 

GO TUfJkS-STEW 


TUBE 

7 1 1 H 


1025433-] 

— I I i 


D 




.1^50 O-P X .OIO 
IV ACL 5 EAMLGSS 
TA TUeiiUO-, 3 L^- 
Com'L PURI? 


HEATER, jCAjHOIjlE 


1025262 

— I — i — i — p 


e 




© 


VUrcCHASHC> PACT 
CoAX TA-V\ijO TA 


\(o(o 


CLAMP 

7 1 1 H 


1026374 

— H 1 1 P 


r 




(5) 


,37 X ,29 x .(25 
TA BAI? COM’L 

PORE 


iljPPCjRT^TU^E 


10260P6 ■ 


D 


111 




,37 SX-ZSO Xl.25 
TA RAP. COM 1 L. 
PDR-G 


Bate Rl DEC 1973 
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1 

PARTS LIST 

T,TLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY^) 

(Page 4 of 11) 

DATE 

i warn 

BY 

REJ 

sheet 45 or 57 sheets 

SIZE 

— 

NOMENCLATURE 
ORAWING NUMBER 

CHG LTR 

QTY/ASS V 

QT/TOT 

FIND # 

ASSY # 

PAGE # 

IPD 

PR 

| 

Material 


DBBBBBBBB 


1 

. .FLANGE, TUBE, NEUTRALIZER . 

lw 

1 

1 

R 

R 




,440 DIA y-.zi Lj? 
TA EiAR COM'L 
purce 



. .1095285 . ... , , 

B 



1 

2 

1 

R 




.<5 Y 0-5 X.0005 
THICTA FOIL 
Com'l PUP5 



i i l0 ? 66 ? 7 i i i • i i i t 

B 

- i in 5 er t> n° D 5 i i i i 

A 

1 

1 

(4 

R 




pukcnACfD PART- 
PROM SfOTTCAMAT 
WATCOrJVtLLE' CA 



1095590-2 

1 t ... » - 1 T ! . 1 11 1 .» . 

B 

Ill , s - 1 hpreg^ate;d , , 

A 

1 

1 

1 

1 




porous tuajsstkn 

iD/tea-Ca-AL IMPRGS- 
4'Ail PATIO 



I09SS90-97 

B 

' WIRE, Re, .020 DIA.’ 

A 

3 

3 

-2 

-2 




.020 DIA X 2.16 Lcf 



1 095590 -99 

B 

' 'BAFFLE, NEUT-RAUZER ' ' 

B 

1 

1 

(5) 

( 10 ' 







10256^5 ' , 


B 

PLATE, SUPPORT 

B 

I 

1 

1 

- 1 - 




|.-7 x ,o<a X 
.C05THK. TA 
COW’L PURE 



10Z56+S-I 

B 

PLATE, END 

B 

2 

Z 

L 

- 2 - 




tZZ3X • (20 X 
. OlO THK TA 
COhA 1 L PURE 



10Z5G45-2. 

■ 















C 

BRACKET, INSULATION ASSEMBLY 

| 1 1 { ( — 4 1 1 i 1- — L 

G 

2 

2 

15 

18 







1026084 

1 1 — +■ — H— I 1 1 1 1 1 1 


C 

- . , BRfl , CKE , T VE , Sf,E F ,,,, 

C 

1 

2 

01 

di 




|» 5<S»I X-£2 X<4(>. 
vespel SP-I 
Ixi font pe NeiAoua 



1026084-1 * 

1 1 1 f.,..— , | » | . 1 ... - 1 j. — 4 


. . .INSERT., SELF.-L0CKING..8-32.. 

— 


4 

i3] 

Si 

• 






. NAS. 1395 C08I 


eilB RU DEC I9TS 




< ) 


i 
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1 

PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY 35 

(Page 5 of 11) 

DATE 

?-/!U7! 

REV NEXT ASS'Y 

-X 

BV REJ 

SKT ' T 46 or 57 s^^ets 

SIZE 

NOMENCLATURE 
ORAWING NUMBER 

CHG LTR 

6 

CO 

$ 

5 

QT/TOT 

FIND # 

ASSY § 

PAGE # 

IPO 

PR. 

WL 

T- 

MATERIAL- 


123456789 

10 11 12 

r 

I j BRACKET ~VfjSPEL i i _ » i 

£ 

I 

? 

(?) 

CP 



• 

I. 5 - 6 I X. 4>EX. 19 

vesPEL SP-I 
du PONT DE humours 




R 

.shtfi r>, bracket , , , , , 

A 

1 

1 

1 

.19 




3 .7 X 3 . 72 - X .005 

tmk TlT>W«JM 

sneer /4ms+toi 



1 1095295 i | i | [ i | i 

B 

.GROMMET ........ 

k 

1 

1 

26 

20 




,C>4 P-'A x. 19 ly 
DU P<3MT TEFLON 



"" 1 11 t 1 1 1 1 I I 1 

.1026882 ........ 

C 

.HOUSING. NEUTRALIZER .... 

D> 

1 

1 

1 

21 






*% 

.1026502 


C 

. . HOUSING .-FORMED. NEUTRALIZER 


1 

1 

(l) 

( 1 ) 







i i 1Q95808. ...... 


C 

. . . HOUSING. FLT PATT, NEUTR. 

D 

1 

1 

- 1 - 

- 1 - 




5-.92X <l-S8X>oZ. 
THK C>oCet-T^t AD M 
G.Q-A -S.50/II 



__ f , _ 1926^33, , , , 


! . NUTPLATE, SELF-LOCKING^ F){D 


14 

39 

( 2 ) 

(2) 







. , , m ^2 1970 - 06 , , , , , , 


. , RIVET, CSK .HD, . 094 , '.ALUM ! 

— 

28 

102 

GO 

(3) 







, , ^ 2942 ^ A 93 - 9 , , , , 


B 

.BRACKET ASSEMBLY, SUPPORT * 

c 

2 

2 

11 

22 


14+ 

I W 




1026504 


B 

[ | BRACKET,' SUPPORT' ’ . ' 

C 

1 

2 

a) 

CD 




5"*3 X l*S X .03 
THK TITANIUM 
AKS 4 c 10d(o\ 



1026504-99 ^ 


' ! NUTPLATE, SELE-LQCKING’ FLTG 

- 

2 

4 

C2) 

( 2 ) 







— t ■ — t t 1 1 | | 1 1 ' 1 

-1 .^ 2 1 07 ^ ll( |i 



RIVET, CSK HD 094, ALUM 

— 

_4 

102 

S£ 

(3) 







• . .MS 2Q420 AQ3-3 .... 



e e 1 8 RL DEC 19 T 3 



PARTS LIST 


NOMENCLATURE 
DRAWING NUMBER 


T'TLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY |3£ 

Page 6 of 11 


£ IS fc ** **= ^ IPD TOOL MA-TEWAl- 


DATE . 

S/W/Y/ 

REV 

A 

NEXT ASS’Y 

BY 

REJ 

SHEET 47 OF 57 SHEETS 


I §. lilfclslPR. |t- 


& & E 2 2 



I .VAPORIZER ASSEMBLY. NEUTRALIZER 
C I .1095761 


All 4 I 23 






. PLUG, POROUS .... 


1095771 


. , ,^.. p V UG r pyRoys, ,BL^NK, 

. 1024925 H l 2 -1-<I> 


. . . HOUSING. PLUG. .VAPORIZER 


. . 1095764 


. , H(j)US|NG^ VA^OR { ZE ^ (^T ^NG^E) 

1095765" . . . . . . |A 1 2 


TRANSITION. TUBING 


. 1095461 


. FEEDTUBE .(.06). , 


1095016-1 


RTD, . . . 


1095767 


HEATER, VAPORIZER 


1095135 



C| 2 


C 1 1 


A 1 2 


£ 1 2 (9) 




■I 

■ 

■ 

■ 



<185 P/AX.^5 tHK 
80% 0ETO5E P0{>- 

OU'Z TUU&ZTB't 
wn ct t a r*eo pAPT 


• Z7S 0IAX.258 
L^ TA OAR 
CC?M 1 L, PORG 


• -270DIAX .575 
Laf TA R.OD 

com' l Pore 1 


.IC?8 DIA.X .3 5Ly' 
304 CPES COHO A 
QQ-S -703 


,0(pZ <5*0. X O\o 
WALL 32.1 C r -H‘G 

"TUBE COHDAjZl t-cf 
M ! I. — T -BBO 8 


.3£>4 x . ^3 x .187 

mTA BAR 
com * l puze 


PUrcCHASt-D PAP.T 
COAX tMCOfJCL- 
|4?0-MiO;ipi!ME3r 
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\ 




4 


1 

PARTS LIST 

TITLE 30 CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY 35 

(Page 7 of 11) 

“7/'a/ 

REV NEXT ASS’Y 

BY 

REJ 

SHEFT 48 OF 57* h EETS 

SIZE 

NOMENCLATURE 
DRAWING NUMBER 

CHG LTR 

6 

$ 

L 

O 

QT/T0T 

FIND # 

ASSY # 

PAGE # 

(PD 

PR 

TOOL 

T- 

. MATBiZ-KAL 


123456789 

10 | it 

12 


1 I 1 1 1 1 I 1 

I 











. 



B 

. . MOUNT, NEUTRALIZER- VAPORIZER 

A 

1 

1 


(?, 




<39 DIAX-36 l a- 
TA POP COfVL 
Pubs 



, , I 995762 

B 

TUBE. INSULATOR 

c 

1 

1 

{0 

( 0 ) 




.37S O. DX .IZS 
I'D X. » 3 Lc 1 ” 

AL 300 ALUMINA 

wPSTftw i? fl/vt 



T 1 ! 1 1 t " t 1 1 ! r 

1026090 

B 

, , SHIELD 

C 

1 

1 

(3: 

(9) 




• S’O PlAX .51 \-f 
TA BAR. CDM'u 
PUBS 


■ 1 

l 1 ! ? 26 ? 91 , i-| t ||| 

B 

, , SfRE^N ,,,,,,, 

c. 

1 

1 

( 2 ) 

Jo) 



- 

. iq4 DIA £0*700 
TA MSSH DUTCH 

(uV\QjJe WFt 


u ■ 1 •< l ( 1 : 

ui.i: .1 i'- pl "'' 

1026089-1 

B 

SCREEN 

c. 

1 

1 

6 ) 

JO 




,14,4 DIA -OTUiH- 
W isr ^ A •'?' 
Above 


/ - I . • ■ 

1026089-2 

JL 

FLANGE,, .VAP0R|ZEI^ . , . 

B 

1 

1 

(]) 

10 




.44 dTa x,zn Ly 

TA- BAR C<9M‘L 
PUI?.t? 



. , 1095286, . , . 


NUT, SHOULDER (RESISTOFLX) 



l 

3 


(I3l 



• f*. 

1 ’ * . 

p£Vf£CHA50P PART 
SHIPPED UvlTW NO. 
(14) BEUMJ 



P.44£Z8“2P-0Z. 

SU 

1 11 f 1 1 ri / * 1 11 r 1 1 / 1 S' - "'1 

, _SH0ULDER. MODIFIED , . . 

6 > 

1 


J 4) 

n 



1059 

tccz 

pVfc£HAS.£D FAf-r 
MADG T<? oizcerz 
BY R.ESISTOFLEX INC 



.1095397. ■ ■ , , ■ 


. . . SHOULDER CRESISTOFLEX? 

u 


1 

3 

• 1 - 

* 1 - 




PvRCtfAStO PART 
(AADE- imto Asst no 
( 14) BY cesisrofrex 
INC. 



■ . . R44671-1P 


B 

1 CL^MP ] NfjUT^AL^ZEfj; , , , , 

C 

1 

1 

13 

24 




1.0 X .EA7X-B.J 
hOLV e>Ad,Afzc 
CAST AM5 7301 



B_ 



B 


1 

19, 

25 




. 3T(1 *-&B5X.Ol£ 

THU IJICS^L -ZOO 

’ 




8810 RL DEC 1973 





PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY \25\ 


NOMENCLATURE 
DRAWING NUMBER 


SEAL,. NEUTRALIZER 


1095282 , , , 


SHIELD, INNER 

— I 1 — H 1 — I 1 — 

B 1095292-95 


1095419-1 


INSULATOR, THERM TERM 


1095419-2 


P* H- =tt =tt= { pf) 

h W o ' 

- 1 < I — Q >- UJ PC 

o i S Z W (3 l< ‘ 

O 5 O' LU C CL. 


(Page 8 of 11) 


tt/\TERJAL 



B 1 1 14 26 




INSULATOR, OUTER 


1095293-97 


INSULATOR, THERM TERM 


A 2 2 35 2 


2 2 36 28 


A 2 2 34 29 


& 2 2 37 30 


■Ml 


B 2 6 24 3 


BONDING AGENT (DYIONO 


(superbond) 



B I ,1095738 


146FB-200 (R0SEM0UNT). 


!l 



L .1095418 , LA 2 10 25 36 


8818 Rl DEC I9TJ 






■ 

■ 

■ 

■I 

■I 

■ 

■ 

■ 


•Z-50 O.D. X.\€7 
|>D/ X >lo5 Lf 

TA COM'L POKE 

21 

\.7 DIA X >0 1 Til K 

304 ciees ZlauK 

2.1 

\-S OlA X ;oi THK. 
•3 04 Cfces &LAMK 
&Q-S-7&C 

21 

.274 O-D X -US NO. 
x-44 L<f AL ZOo 

AUJMtfJA, yi'CCTP' i 
OrO ID K fVnNOM 

35 

,27.4 x .187 l-D. 

X • 185 L/ AL Zoo 
ALUM IMA 97% Pune 
u'gctp:,- r-io r'/-r. 

35" 

.ie-5- O.D X.OL2. 
I.D. x ,\77L<f AL 
^?oo ALUMINA 
iLESrcii <%LO 5 FLAT- 

35 

(txcepr .'rzsr l/) 

35 



‘12SO.P. X,0&3 I.P. 
X.3I2 AL30O 

Alumina L JOCVPU 
6-OLD £ Pl-AriMUM 

35- 

PURCHASED PAf-T 

126 

• 196 DIA X .D5S- 

4T 3«4- CR.es 
c 2>UD A 
sQ-S -76 3 

El 


DATE / 

tl/II'/VI 

REV 

A 

NEXT ASS'Y 

BY 

REJ 

SHEET 

49 OF 57 SHEETS 




\J 























































































SIZE 


PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 . NEUTRALIZER ASSEMBLY^ 


nomenclature: 

DRAWING NUMBER 


f ^ i- =**==»==*& pn 

h v) o 1 y 

“* «£ l — Q >- uj pn 

o > s z: i/i ca rlc> 

T I — i— i t/) C 

u 5 o- U. < CL 



. FLAT PATTERN. NEUTRL. 


, 1026634, ,,,,,, 


KEEPER 


1027366 


VHR.E ASSY (S) MEUTR 


l 09584-5 -iO THeu -15 



A | l| 1 10 38 


F Ua 56S9 



SCREW. PAN HD..4--4-C * 1*0 L g 


MS.5I95T-21. /35Z3?-Z\ 


CRUS 


AN960rC4 


ELF-LOCKING., #4-40 


NAS 1291. C04 . 


SCREW. S0C HD . DRLD, 6-32*-.2STL ; 


MS 24674-1 


WASHER. FLAT. #6 CRUS 


8 36 38 40 


16 2 6 39 41 


10 40 40 4-1 


6 22 41 43 


6 83 42 K+ 




Paqe 9 of 11 


MATERIAL 


z/)l / 97 

REV 

B 

NEXT ASS’Y 

BY 

REJ 

SHEET 50 OF 57 SHEETS 





I >69Z X \WiAQ Lrf 
X. OZO TH1C ALUM 

GoGl-^TA-, aa-A- 
zso / II 


z.14- X l> Co 92. X 

• OZO titanium 
AMS 49O£>/0\ 




Standard Hardware 

































































SIZE 


PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER E1026510 

D1095773 NEUTRALIZER ASSEMBLY 35 


(Page 10 of 11) 


DATE , 

zllOjS! 


REV 

A 


BY 


REJ 


NEXT ASS’Y 


SHEET 51 OF 57 SHEETS 


NOMENCLATURE 
DRAWING NUMBER 


10 II 12 




4 1 1 1 1 1 1 I- 


■A 1 1 1 1 1 1 b 


NUJ, ^EL^-L(j)CK|NG^8 


_32 [ C /ZJSrS 


NAJ 1^91 COy 


4 1 — I- 


6 


43 




SCREW | HEX SKT [ Hip, J-4(j)X» 


Z5Lg 


NAS 1352 C04 H4 

l 1 — l — l — l 1 — I- 


44 


[46 


SC^EW ? PftN IjID, ,0-^0. X.62 




COMMERCIAL 

7 I " I 


4 1 1 1- 


45 


47 


4 1 1 1 1 1 1 b 


4 1 1 1 1 !- 


o> 

i-* 

QO 


WA^HEIjt, JLAJ, |0 


c/>es 


HA^ 6J0 frO 


A 1 1 1 b 


49 


48 


WAJHEIjt, IjlAJ, 


c.a.es> 

4 — i — i — 


AN 


,96?.. -,£4^.- 


50 


4-9 


NUJ, flEX^ #(j)-8(j) 


NAS 


67140 ^ 


c.R.es 

-A 1 1 — 


AN 3*5- CO 

t- 


51 


50 


SCREW. SOC HD . .8-32 *• 

I A 1 *— A- — r* — I 1 


F Lg 


NAS13S2C08-8 


- 1 — 1 — 1 — b 


52 


51 


WASHER, FLAT, # 8 


CXL E-S 


-I 1 1 

AN 960-C8 

— 1 — 1 — b- 


H 1 1 H 


4 1 1 1- 


16 


53 


5Z 


H b 


4 1 1 h 


4 1 b 


•A 1 1 b 


4 1 b 


1 1 b 


I 




SSIB RL DEC 1973 


r ' 


o 






























SIZE 



DATE / REV NEXT AJS'T 

E1026510 a//£/V/ % 

cU (Page 11 of 11) "Sr Ijheet 52or 57 sheets 

■ . . ' ‘ REJ 






































SIZE 


1 

PARTS LIST 

TITLE 30CM J-SERIES ION THRUSTER E1026510 

E1095752 30CM OPTICS ASSEMBLY 2 6 


REV 

A 

NEXT ASS’Y 

(Paqe 1 of 3) 

BY 

REJ 

SHEET 

53 or 57 sh “ts 


NOMENCLATURE 
DRAWING NUMBER 


30fM ipPTfCS, AS^iEMijiLY, 
E 1095752 . . . , 


03 I 

S 1C 


. 1095093 


RIVET, ELECTRODE ..... 


.RING,, SUPPORT,, SCREE 


, , RING, BLANK, ELECTRO. SUPPT. 


, . 1095772-98 


1095752-99 


« i — 

C/> O 

$ I — 

& ^ 
o O' 


=tte =«= =W= IPO TOOL 

O >• U) pp T_ 

Z OO to r K- * 


MArewAL. 


•— i I on 

Ll_ I < 



B 1 1 


D 1 1 5 1 


B 48 48 10 2 


A 112 3 


A 1 1 


B 8 8 16 


1 ll ll 5 


P> 12 38 8 6 


I IN^UL^TOI^ (^ER^MI^) , | , 

, 1095778-98 A 12 24 6 


153/000 


15.3 O.0.XI2.O l-p. 
Xl.JL/ TITANIUM 
AMS A^oo/a^oi 


purchased part- 

CUSTOM MADE-OP 
MOLY PCfl AMS 7800 
.\ 5 <S> DIA X.IS'C. L(V- 


• 2.5X.Z-5 y.,00 1 
304 CGES 
CiQ-S-76£ 


12.. 62.5 PI A X .OIS 
TH< Arc cast holy 
AI^S 7801 


'P73 3 . 5 - PIA X .Ol THK. 

— blank 302/304 

ones 4<2-S-726 


pUfznnA^ep PACT 
ALUM IN A-K0VA& 
('CSRAiAAseAU |no. 


6818 Rl 0CC 1973 


12 24 














































































SIZE 


PARTS LIST 


I TITLE 30CM J-SERIES ION THRUSTER 
' E1095752 30CM OPTICS ASSEMBLY 


nomenclature: 

DRAWING NUMBER 


23456789 

SHfELp, pUT^R, IM^ULy 
1025317 

— I — i — l — I — I — l — i — 

SPACER 

1 1 — 1 — l 1 — l 1 — 

1025311 

— I — | — | — | — | — | — | — 

SHIM, MOUNTING 

1 1 1 — I — I — I 1 — 

1095754 

1 1 — l — l — l — l 1 — 

RII|IG, | ACpEL, STf FF^G , 

, 

| R|HG f Bj-ANf, ACCEL 
^-1995^^99,,, , 
ELECTRODE, ACCEL , , 


MS24693-C4 


E1026510 

(Page 2 of 3) 


10 I 11 12 


CHG LTR 

CO 

# 

K 

O 

QT/TOT 

FIND if 

ASSY if 

PAGE if 

IPD 

PR 

IDOL 

T- 

material 

b 

12 

OJ 

cx> 

7 

8 


038 


•Z.O DIA X *01 THK 
302 cReS CoWDA 
aa-s- 706 

& 

12 

12 

9 

9 




1.375 0 . 0 , X.Z04 l*p. 
X . 555 Zozfio^ 

cp.es <3^-5-703 
| CofJP A 




*433 O.D X. 2o\ 


10 




l.DX '002,002.; 

.OO. r i,.cr'\Dj.O\S'i. . 040 
302./4 Cf'Ci* CO/jOA t»-5- 

11 






14*82.5 O.D.X 11*80 
1.0. X . 075 TMK MOW 
pressed 4 si i+srentD 
PER AM5 *7 BOO 

\%n 12.625 DIAX. 015 ' 
loro THK ARC C45T MOLY 
AAAS78CI 



12 12 13 13 


12 12 14 14 






DATE 

2 / 

REV 

A 

NEXT ASS’Y 

BY 

REJ 

SHEET 54 OF 57 SHEETS 












SIZE 


PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER _ E1026510 

E1095752 30CM OPTICS ASSEMBLY \?6} (p a ge3of3') 

C1095683 MANIFOLD ASSY, THRUSTER ( Page i 0 f 1) E 


NOMENCLATURE 
DRAWING NUMBER 


P £ H- =*= =#= =*= PD TW)L 

< h- Q >- Ui PR. -t-_ 

0 — Z l/l u I 

1 f h >-< 1/1 < — 

O 0 o* Lu < CL 


MATERIA^ 


DATE , 

REV 

r\ 

NEXT ASS’V 

BY 

REJ 

sheet 

55 OF 57SHEETS 



, NAS 1291 C04, 


i i i i i 


12 12 15 15 


12 40 12 16 


17 17 


M/^NIFflLq AS r SEff LY,, TfHRU^T 
C 1Q9 56.83 


, MA^NIFpLDp ppOP^LLfiNT, , , , 

D _ , 1095682 B 1 1 


. - H - t - 

B 1095421 


' PIN, fMjiP^apS . 
C 1095683-99 


" 2 .> Cr> x . es x- 8 i 
BAR 304 L CBES 
COMO A 
<3.0 — S — 7fo£> 


PURCHASE t> PART 
ER 44 L 7 £ PEF- 
(resistoflex iwc) 


. " 2.5 Lg- 304 Oies 
CU? -S- 7&3 


6818 fil DEC IS 7 J 


2 


2 


3 


3 

















































PARTS LIST 


TITLE 30CM J-SERIES ION THRUSTER 

E1025316 REAR SHIELD ASSEMBLY 
D1026462 MASK ASSEMBLY [gif 


E1026510 
(Page 1 of 1) 

(Page 1 of 1) 


nomenclature 

DRAWING NUMBER 


REAR SHTELD, ASSEMBLY, 


1025316 


REAR SHIELD 


1025316-99 


2 g 

S £ A 

o 5 cr 


llPD 
>- LU PR 

on to 

i/) < - 

< CL. 


f4AT&kt/M- 





FLTG. 6-32 


1025316-97 


.NUTPLATE, SLF-LOCKIN 


MS21076-L06 


.RIVET, CSK HD, ,.094, .ALUM , 


MS20426 AD3-3 


NUTPLATE, SELF-LKG. RXD.. 6-32 


MS 2 10 70- 06 


MASjK /]SSE | MBL | Y 
D 1026462 


■-J IS Lh - -. - 

D .1026462-99 


.NUT PLT, SELF-L0CKIN 


MS2 1060-06 


NUT PLT, SLF-L0CKING, FXD, 


MS 2 1070-06 
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